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PREFACE TO THE SIXTH EDITION 


In the preparation of this new edition, with its change of type and format, 
it was felt that the time had come for a considerable alteration of the text 
not only by the incorporation of new material but also by the omission of 
certain parts that appeared no longer to serve a useful purpose. 

In the time that has elapsed since this text-book was first published in 
1898 vertebrate zoology has grown in every direction. Particularly is this the 
case in its palaeontology. So many new forms have been discovered and de- 
scribed that previous ideas on the evolution of many lines of vertebrates have 
become not only enlairged but also much modified. Especially noticeable in 
this respect is the increase in our knowledge of the Agnatha, the Palaeozoic 
Fishes, the early Amphibia and Reptilia and, though still to an insufficient 
extent, the Mesozoic and Palaeocene Mammals. 

It has not been thought desirable, even if it were possible, to alter the 
general plan of a text-book that has served well so many generations of students. 
New material therefore has been inserted wherever it seemed best to fit. The 
difficulty of making large alterations in a standard text without producing some 
disturbance is obvious and some inequality of treatment and some occasional 
repetition have been unavoidable. It is hoped, however, that the continuity 
of the text has not been materially impaired. 

The main alterations are as follows. The small sections in the previous 
editions on the Agnatha and Palaeozoic Fishes which were formerly printed 
as an appendix in small t3q)e have been rewritten and enlarged and have been 
placed in appropriate positions in the general text. A new classification of 
Fishes in which four classes are recognised is brought into use. The Amphibia 
and Reptilia have suffered a less drastic modification, but some changes — 
the result of a wider knowledge of their early history — ^have been introduced. 
Except for minor points the section on the Birds has been little altered. In 
the section on the Mammals there will now be found a somewhat fuller treat- 
ment of the orders together with some brief account of extinct forms without 
which the position of the living animals cannot properly be understood. The 
text here has been altered in appearance by the transposition of certain parts 
as, for example, the descriptions of the osteology of the orders formerly placed 
together under the heading " General Organisation ” have been divided and 
each placed with its own order. The remainder of the section on general 
organisation remains but additions have been made to it. 

Consideration of space has necessitated the withdrawal of the sections on 
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Geographical Distribution, on the Philosophy of Zoology and on the History 
of Zoology. To bring these subjects up to date would render the volume un- 
wieldy. As it is there has had to be a good deal of compression as well as 
excision, but it is hoped that the student will find enough to serve as a general 
account of the Chordata. No one text-book, if it is to be of reasonable size, 
can possibly cover all the ground, so that for further and more detailed informa- 
tion the student must turn either to original papers or to such books as " The 
Structure and Development of Vertebrates ” by Goodrich for questions of 
morphology and for the palaeontological aspect to the " Vertebrate Palaeon 
tology ” by Romer, to mention only two. A list of books and papers which 
are recommended is given in an appendix. 

No text-book can hope to be free from some errors, and such might have 
been more numerous had I not drawn freely on the help of many colleagues 
both at home and in the United States. I have to thank for much advice and 
assistance the following gentlemen ; Dr. L. A. Borradaile, Dr. P. M. Butler, Pro- 
fessor H. A. Harris, Dr. J. E. Harris, Mr. F. R. Parrington, M.A., Mr. W. J. 
Heasman, M.A., H.M.I., Dr. P. Whiting, and Dr. W. Graham Smith, all 
of the University of Cambridge. To Professor W. K. Gregory and Dr. G. G. 
Simpson of the American Museum. To Professor D. M. S. Watson, Pro- 
fessor C. H. O’Donoghue, Dr. T. S. Westoll and Dr. Moy-Thomas, and finally 
to my colleagues in the British Museum, Dr. A. T. Hopwood, Mr. J. R. Norman, 
Mr. N. B. Kinnear, Dr. W. E. Swinton, Dr. E. Trewavas and Dr. E. I. White. 
I have to thank Mr. H. A. Toombs, of the British Museum, for undertaking 
the arduous task of compiling the index. 


C. Forster-Cooper. 
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PHYLUM CHORDATA 


In the arrangement which it has been found convenient to follow in the 
ij|^scnt work, the Vertebrate animals (Fishes, Amphibians, Reptiles, Birds, 
Mammals), together with the Cephalochorda or Lancelots, the Urochorda 
Ascidians, and the Hemichorda or Balanoglossus and its allies, are all grouped 
i^l^ether in a single phylum— the Chordata. The main groups comprised in 
?|^is assemblage, however, differ so widely from one another in certain essential 
,f||oints, and the common features uniting them together are so few, that it has 
:^en thought advisable to depart from the plan of arrangement followed in 
^^nnection with the invertebrate phyla, and to make a primary division in 
j^is case not into classes, but into sub-phyla. In accordance with this scheme 
^^e phylum Chordata is regarded as made up of three sub-phyla — the Hemi- 
Mkorda, the Urochorda, and the Euchorda, the last-mentioned comprising the 
®vo sections Acrania and Craniata or Vertebrata, each of which receives 
peparate treatment. 

K The name Chordata is derived from one of the few but striking common 
matures by which the members of this extensive phylum are united together — 
wme possession, either in the young condition or throughout life, of a structure 
termed the chorda^dor^Us or notocl^orji^ This is a cord of specially modified 
vacuolated cells extending along the middle line on the dorsal side of the 
nteric cavity and on the ventral side of the central nervous system. In the 
ower Chordates (the Urochorda and Cephalochorda) the notochord is developed 
lirectly and unmistakably from the endoderm, and in the Hemichorda it 
remains permanently in continuity with that layer. But in the Craniata its 
Origin is by no means so definite, and it may originate from cells which are not 
obviously of endodermal derivation. It may be enclosed in a firm sheath 
tnd thus be converted into a stiff, but elastic, supporting structure. In the 
Craniata (with a few exceptions among lower forms) it becomes in the adult 
•eplaced more or less completely by a segmented bony or cartilaginous axis — 
the spinal or vertebral column. Another nearly universal commooi feature of 
the Chordata is the perforation of the wall of the pharynx, either in the 
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Fig. 1.— Balanoglossui. 

Entire animal, hr. branchial 
region ; co. collar ; gen. geni- 
tal ridges ; hep. prominences 
formed by hepatic caeca ; pr. 
proboscis. (After Spengel.) 


embryonic or larval condition only, or throughout life, 
by a system of clefts — the branchial clefts ; and a 
^ ihird characteristic is the almost universal presence 
at all stages, or only in the larva, of a cavity or system 
of cavities, the neurocccle in the interior of the central 
nervous system. 

The Chordata are Coelomata, and the mode of 
development of the coelome in the lower sub-phyla 
is essentially the same as in the Echinodermata 
(Section XI), the Chsetognatha (Section X), and 
Brachiopoda: it is derived, that is to say, by 
direct outgrowth from the archenteron. In the 
Craniata this enterocoelic origin of the cavity is no 
longer definitely traceable, though what appear to 
be indications of it may be detected in some cases. 
The Urochorda are not divided ^ : in the Hemichorda 
there is a division of the coelome into three parts, 
each occupying a definite region of the body, so that 
the view is sometimes maintained that these animals 
are tri-segmented : in the Cephalochorda and Craniata 
there are numerous segments, the nature of which 
will be referred to later. 

SUB-PHYLUM I AND CLASS.— HEMICHORDA 
(ADELOCHORDA). 

A number of worm-like, simply organised animals 
possessing a structure which is commonly regarded 
as of the nature of a rudimentary notochord, com- 
prising Balanoglossus and certain allied genera, are 
so widely removed from the other members of the 
Chordata that, if we accept them as Chordates, it is 
advisable to consider them as constituting an inde- 
pendent sub-phylum, and to this the name of Hemi- 
chorda or Adelochorda has been applied. Resem- 
bling Balanoglossus in the condition of the supposed 
notochord' in the division of the body into three 
regions, sometimes looked upon as representing three 
segments, and in certain other features, are two 
genera of small marine animals — Cephalodiscus and 

1 Though faint indications of serial repetition of parts are 
traceable in certain cases. 
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Rhahdopleura, These are probably more nearly related to one another than 
they are to Balanoglossus, from which they are separated by well-marked 
differences, and the Hemichorda may, therefore, best be regarded as divisible 
into two classes — one, the Entero'b neustcL comprising only Balano&dQssu&^ 
and its immediate allies ; the other, the ^erobranchia^ including Cephalo- 
discus and Rhabdopleura. — - - ^ 

External Characters and Coelome of Enteropneusta. — Balanoglossus (Fig. 
i) is a soft-bodied, cylindrical, worm-like animal, the surface of which is 



'cCora-v 


Fig. 2. — Balanoglossus. Diagrammatic sagittal section of anterior end. card. s. cardial 
sac ; div. diverticulum (supposed notochord) ; dors. n. dorsal nerve-strand ; dors. sin. dorsal 
sinus ; dors. v. dorsal vessel ; mo. mouth ; proh. proboscis ; proh. po. proboscis-pore ; proh. skel. 
proboscis-skeleton ; vent. n. ventral nerve-strand ; vent. v. ventral vessel. (After Spengel.) 


.uniformly ciliated. The size varies extremely in the different species, some 
Ibeing quite small — 2 or 3 centimetres — while other species are of comparatively 
Jlarge size and may be as much as 2^ metres in length. It is divisible into three 
■regions : in front there is a large club-shaped hollow organ — the proboscis 
ipr.) ; immediately behind the proboscis and encircling its base is a prominent 

^ The name Balanoglossus is here used as a general designatijd rather than as a strictly 
gi^^eri c term > ^ 
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fold — the collar (co.) ; the third region or trunk is long and nearly cylindrical, 
but somewhat depressed. 

Balanoglossus lives in the sea, usually in shallow water, burrowing in sand 
or mud by means of its proboscis : one species has been found swarming on 
the surface of the sea. Numerous glands in the integument secrete a viscid 
matter to which grains of sand adhere in such a way as to form a fragile 
temporary tube. The proboscis (Fig. 2, prob.) has muscular walls; its 
cavity (proboscis-coelome) opens on the exterior usually by a single minute 
aperture — the proboscis-pore {prb. po.) — rarely by two. In some species the 
proboscis-pore does not communicate with the proboscis-coelome, but terminates 
blindly, and may send off a narrow tubular diverticulum which opens into the 
neuroccele. The narrow posterior part or " neck *' of the proboscis is strength- 
ened by a layer of cartilage-like or chondroid tissue, which supports the blood- 
vessels. The collar is also muscular, and contains one cavity, or two (right 
and left) cavities separated from one another by dorsal and ventral mesenteries, 
and completely cut off from the proboscis-cavity. The collar-cavity and 
also that of the proboscis are crossed by numerous strands of connective- 
tissue of a spongy character. The collar-cavity communicates with the 
exterior by a pair of collar-pores — ciliated tubes leading into the first gill-slit 
or first gill-pouch. 

On the dorsal surface of the anterior part of the trunk is a double row of 
small slits — the gill-slits (Fig. i, br.) — each row situated in a longitudinal 
furrow; these slits increase in number throughout life. The most anterior 
are in some species overlapped by a posterior prolongation of the collar called 
the operculum. A pair of longitudinal genital ridges (gen.) — not recognisable 
in some species — which extend throughout a considerable part of the length 
of the body both behind and in the region of the gill-slits (branchial region), 
are formed by the internally situated gonads ; these ridges are so prominent 
in some of the genera as to form a pair of wide wing-like lateral folds. Behind 
the branchial regi on are two rows of prominences (hep.) formed by the hepatic 
caeca. The trunk is irre^larly ringed, this annulation, which is entirely 
superficial and does not correspond to an internal segmentation, being most 
strongly marked behind. The coelome of the trunk is divided into two lateral 
closed cavities by a vertical partition (dorsal and ventral mesenteries). ^ 

Digestive Olgans. — ^The mouth (Fig. 2, mo.) is situated ventrally at the- 
base of the proboscis, within the collar. Into the dorsal half of the anterior 
portion of the alimentary canal open the internal gill-openings. Each of these „ 
is in the form of a long narrow U, the two limbs separated by a narrow process — 
the tongue — ^which contains a prolongation of the body-cavity. In most of 
the Enteropneusta the internal gill-openings lead into gill-pouches which in 
turn communicate with the exterior by the gill-slits. But in the genus 
Ptychodera (Fig. 3) there are no gill-pouches, the U-shaped internal gill- 
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openings leading directly to the exterior. The gilhpouches are supported by 
a chitinoid skeleton consisting of a number of separate parts. Each of these 
consists of a dorsal basal portion and three long narrow lamellae, a median 
and two lateral ; the median, which is bifurcated at the end, lies in the septum 
or interval between two adjoining gill-sacs ; the two lateral lie in the neigh- 
bouring tongues. In most species a number of transverse rods — the synapticulce 
— connect together the tongues and the adjoining septa, and arc supported 
by slender processes of the skeleton. 

The posterior part of the ali- 
mentary canal is a nearly straight 
tube, giving off, in its middle part, 
paired hepatic caca, which bulge 
outwards in the series of external 
prominences already mentioned. 

Posteriorly it terminates in an 
anal aperture situated at the pos- 
terior extremity of the body. In 
the posterior part of its extent in 
some Enteropneusta the intestine 
presents a ventral median ridge- 
like outgrowth of its epithelium — 
the pygochord. Throughout its 
length the intestine lies between 
the dorsal and ventral divisions 
of the vertical partition, which act 
. as mesenteries. 

As the animal forces its way 
through the sand, a quantity of 
the latter enters the digestive 
canal through the permanently 
open mouth, and is eventually 
passed out again by the anus in the shape of castings, which may be thrown 
out on the surface of the sand in a form resembling that taken by the castings 
of earthworms. 

A series of pores (gastro-cutaneous pores), variously arranged in the different 
genera, connect the intestine with the surface. 

Notochord or cBSophageal diverticulum. — The dorsal wall of the part of 
the digestive canal immediately following upon the mouth gives off a 
diverticulum {div,) that runs forward some distance into the basal part of the 
proboscis after giving off a short ventral branch. The diverticulum contains 
a narrow lumen, and its wall is composed of a single layer of long and very 
narrow cells, each of which contains a vacuole. This layer of cells forming 



Fig. 3. — Ptychodeia bahamensis. Transverse, 
section of the branchial region, b, branchial part 
of alimentary canal ; h. c®, ccelome of trunk ; d, m. 
dorsal mesentery ; d. n. dorsal nerve ; d. v» dorsal 
vessel ; e. epidermis with nerve layer (black) at its 
base; g. genital wing; g. p. branchial aperture 
encroached upon by tongue (^) ; 1. lateral septum ; 
m. longitudinal muscles ; . o. digestive part of 
oesophagus ; r. reproductive organ ; t. tongue ; w. 
ventral mesentery and ventral vessel ; v. n, ventral 
nerve. (From Harmer, Cambridge Natural History^ 
after Spengel.) 



6 


ZOOLOGY 


the wall of the diverticulum is continuous with the epithelium of the digestive 
canal itself, the cells being somewhat modified by the presence of the vacuoles. 
The diverticulum, owing partly to its structure, partly to its relations, is usually 
regarded as representing the notochord of the typical Chordata. In close 
relation with this on its ventral surface is the chitinoid proboscis-skeleton {proh, 
skeL), which consists of a median part of an hour-glass shape, and with a tooth- 
shaped process, bifurcating behind into two flattened bars which lie in the 
anterior region of the oesophagus and support the opening into the lumen of 
the diverticulum. 

There is a blood-vascular system with dorsal and ventral longitudinal 
trunks. The dorsal vessel {dors, v.) lies above the notochord, and ends in front 

in a sinus, the dorsal sinus or heart 
{dors, sin.), situated in the anterior 
part of the collar and the neck of 
the proboscis, in close contact with 
the notochord. From the posterior 
part of the sinus is given off a 
vessel which bifurcates to supply 
the proboscis. In communication 
with the sinus in front are a number 
of vessels of a bilateral plexus in 
the glomerulus, a glandular organ, 
probably excretory, situated at the 
anterior end of the oesophageal 
diverticulum. From the posterior 
end of each half of the glomerulus 
there passes backwards an efferent 
vessel which breaks up into a plexus ; 
the two plexuses unite ventrally to form a median ventral plexus continuous 
behind with the ventral vessel. The dorsal sinus, having no definite walls, is 
not contractile ; but a closed sac, the cardiac sac {card, s.), situated on the 
dorsal side of the sinus, has a muscular ventral wall, by the contractions of 
which the blood may be propelled. 

The nervous system consists of dorsal and ventral strands {dors, n., vent, n.) 
which extend throughout the length of the body. These are merely thicken- 
ings of a layer of nerve-fibres which extends over the entire body in the deeper 
part of the epidermis. Here and there are giant nerve-cells. The part of the. 
dorsal strand which lies in the collar (collar-cord) is detached from the epidermis ; 
it contains a larger number of the giant nerve-cells than the rest ; in some 
species it encloses a canal, the neurocoele, opening in front and behind ; in 
others a closed canal ; in most a number of separate cavities. At the posterior 
extremity of the collar the dorsal and ventral strands are connected by a ring- 



Fig. 4. — Development of Balanoglossus. 

A, stage of the formation of the first groove (gr.). 

B, stage in which the second groove has appeared, 
and the first gill-slit has become developed, co. 
collar; g. si. gill-slit; pr. proboscis. (After 
Bateson.) 
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like thickening, and there is a thickening also round the neck of the proboscis. 
1 here are no organs of special sense ; but some cells of the epidermis on certain 
parts of the proboscis and on the anterior edge of the collar seem to be of the 
character of sensory cells. 

Reproductive Organs. — ^The sexes are separate, and often differ in shape 
and colour ; the ovaries and testes are simple or branched saccular organs 
arranged in a double row along the branchial region of the trunk and farther 
back ; they open on the exterior by a series of pores. 



cx.rV' 


Fig. 5. — Tomaria. Dorsal view. an. anus; 
card. s. cardiac sac; cil. r. post-oral ciliated band 
(membranellae) ; cil. r^. posterior ciliated ring ; eye, 
eye-spots on apical plate ; prob. cav. proboscis- 
cavity ; prob. po. proboscis-pore. (After Spengel.) 
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Fig. 6 . — Tomaria. Lateral view. Let- 
tering as in Fig. 718 ; in addition, int. intestine ; 
mo. mouth. (After Spengel.) 


The course of the development (Figs. 4-6) differs in different species. 
In some it is comparatively (Jirect ; in others there is a metamorphosis. Im- 
pregnation is external. Segmentation is complete and fairly regular, resulting 
in the formation of a blastula, which is at first rounded, then flattened. On 
one side of the flattened blastula an invagination takes place. The embryo at 
this stage is covered with short cilia, with a ring of stronger cilia. The aperture 
of invagination closes and the ectoderm and endoderm become completely 
separate. The embryo elongates and a transverse groove (gr.) appears (A) : 
the mouth is formed by an invagination in the position of the groove. The 
anus is developed in the position formerly occupied by the blastopore. Before 
the mouth appears there are formed two diverticula of the archenteron which 
become completely separated off, their cavities subsequently giving rise to- th^ 
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ccelomic cavities of the proboscis and of the collar, and the body-cavity of the 
tfunk. By the appearance of a second transverse groove {B) the body of the 
embryo becomes divided into three parts — an anterior, a middle, and a posterior 
— these being the beginnings respectively of the proboscis, the collar, and the 
trunk. The branchial region is marked off by the appearance of a pair of 
apertures — the first pair of branchial slits (g. si.) — and other pairs subsequently 
develop behind these. 

In the species that undergo a metamorphosis the embryo assumes a larval 
form termed Tornaria (Figs. 5 and 6). This is somewhat like an Echino- 
derm larva, with a looped ciliated band, sometimes lobed, sometimes produced 
into tentacles, running along its anterior part, and a ring of membranellae 
[cil. r.), in some cases with a ring of smaller cilia [ciL r^.), round the posterior 
(anal) end. At the anterior end, in the middle of the pre-oral lobe, is an 
ectodermal thickening — the apical plate — containing nerve-cells and eye-spots, 
and, like the apical plate of a trochophore, constituting the nerve-centre of the 
larva : this disappears in the adult. There is a short alimentary canal with 
mouth and anus. The ciliated bands are lost ; an outgrowth is formed to give 
rise to the proboscis, and a constriction separates it from the collar ; the hinder 
part becomes elongated and narrow to form the body of the animal ; a series 
of perforations from the exterior give rise to the branchiat^pouches. A band 
of thickened epithelium has been described on the wall of the oesophagus 
and has been supposed to correspond to the structure termed endostyle to be 
subsequently met with in the Tunicata. The collar-cord is formed by the 
separating off of the deeper portion of the ectoderm along the middle line : 
or, in other species, by a sinking down of the whole thickness of the layer, 
which becomes cut off to form a medullary plate with its edges overlapped by 
the adjacent ectoderm: 

Constituting the class Pterobranchia are only the two genera Cephalodiscus 
and Rhabdopleura. These both resemble Balanoglossus in having the body 
divided into three parts or regions — a proboscis with a proboscis-cavity, a 
collar with a collar-cavity communicating with the exterior by a pair of collar- 
pores (nephridia in Rhabdopleura), and a trunk with two distinct lateral 
cavities ; and in the presence of a structure resembling a n^ochord with the 
same relations to the nervous system as in Balanoglossus. jThey both differ 
from Balanoglossus in having the alimentary canal bent on rtself, so that the 
anal opening is situated not far from the mouth; in the presence of arms 
bearing tentacles arising from the collar ; and in the comparatively small size 
of the proboscis. Cephalodiscus, moreover, has only a single pair of apertures 
which may be regarded as representing the gill-slits ; while in Rhabdopleura 
such openings are entirely absent, their places being taken, apparently, by 
a pair of ciliated grooves. Both forms occur in associations or colonies secret* 
ing a common case or investment. Both occur in the sea at various depths. 
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Cephalodiscus has an investment (Fig. 7) in the form of a branching 
gelatinous structure, which is in some species beset with numerous short fili- 
form processes, and contains a number of tubular cavities with external open-- 
ings, occupied by zooids. The latter (Fig. 7) are not in organic continuity, 
so that, though enclosed in a common investment, they do not form a colony 
in the sense in which the word is used of the Polyzoa or the Hydroid Zoophytes. 
They have a feature in common with such 
a colony that they multiply by the forma- 
tion of buds; but these become detached 
before they are mature. With the collar- 
region are connected a series of usually eight 
to sixteen arms, each beset, except in the 
case of the male of one species, with 
numerous very fine pinnately-arranged ten- 
tacles, and containing a prolongation of the 
collar-cavity. The proboscis (Fig. 9, ps.) is 
a shield-shaped lobe overhanging the mouth ; 
its cavity communicates with the exterior 
by two proboscis-pores [p. p). The cavity 
of the collar communicates with the exterior 
by a pair of ciliated passages opening by the 
collar-pores. Behind the collar-region on 
each side is a small area in which the body- 
wall and that of the pharynx are coalescent ; 
this area is perforated by an opening — the 
gill-slit. Cilia occur only on the arms, pro- 
boscis, and lateral lips. A nerve-strand, 
dorsal ganglion, or collar-cord, containing 
nerve-fibres and ganglion-cells, is situated 
on the dorsal side of the collar below the 
epidermis, and is prolonged on to the dorsal 

surface of the proboscis and the dorsal sur- Fig. 7.— Cephalodiscus dodecalo- 
X X 1 11 i-k XV phus. Gelatinous investment. (After 

face of the arms ; it is not hollow. On the McIntosh.) 

ventral side of this nerve-strand is a very 

slender cylindrical cellular cord {nch.) continuous behind with the epithelium 
of the pharynx : this is homologous wkh the diverticulum of Balanoglos- 
sus, and thus homologous with the notochord of the Chordata. A blood- 
vascular system with heart and cardiac sac like those of the Enteropneusta 
is present. In some species of Cephalodiscus the sexes are united, in most 
they are separate. The posterior end of the body is drawn out into a sort of 
stalk on which the buds are developed (Fig. 8). A pair of ovaries (Fig. 9, ov.) lie 
in the trunk-cavity, ^d there is a pair of oviducts {ovd.) lined by elongated, 











Fig. 8. — Cephalodiscus dodecalophos. Entire zooid. (Alter McIntosh.) 


formed by invagination : according to another, the segmentation is incomplete, 
and gastrula is formed by delamination. The larva bears a striking resem- 
blance to that of Ectoproct Polyzoa. 

Rhabdopleura (Fig. lo) occurs in colonies of zooids organically connected 
together, and jenclosed in, though not in organic continuity with, a system of 



PHYLUM CHORDATA 


tt 


branching membranous tubes connected with a creeping stolon. The collar- 
region bears a pair of hollow arms, each carrying a double row of slender 
tentacies — the whole supported by a system of firm internal (cartilaginous ?) 
rods. There are two collar-pores, each leading into a ciliated canal with an 
internal funnel, and a pair of proboscis-pores. The '' notochord '' and the 
nervous system resemble those of Cephalodiscus. The igni are united. 

Cephalodiscus, of which there 
are three sub-genera with fifteen 
species, has been found at various 
widely separated localities in the 
Southern Hemisphere (Straits of 
Magellan, Borneo, Celebes, the 
Antarctic) : species occur also off 
the coast of Japan and Korea. 

Some live in shallow water : none 
have been found at a greater depth 
than about 300 fathoms. Rhabdo- 
pleura has been found at moderate 
depths in Norway, Shetland, the 
North Atlantic, France, the Azores, 

Tristan d'Acunha, Celebes, and South 
Australia. It seems doubtful if more 
than one species occurs. 

Affinities. — The inclusion of the 
Hemichorda in the phylum Chor- 
data is an arrangement the pro- 
priety of which is not universally, 
admitted, and is carried out here 
partly to obviate the inconvenience 
of erecting the class into a separate 
phylum. ' On the whole, however, 
there seems to be sufficient evidence 
for the view that, if not the existing representatives of ancestral Chordates, 
they are at least a greatly modified branch, taking its origin from the base of 
the chordate tree. The presence of the presumed rudirpentary representative 
of a notochord and of the gill-slits seems to point in this direction. It should, 
however, be stated that, by some of those zoologists by whom the members 
of this group have been most closely studied, their chordate affinities are 
altogether denied. If the Hemichorda are primitive Chordates, the fact is of 
special interest that they show remarkable resemblances in some points to a 
phylum — that of the Echinodermata — ^which it has been the custom to place 
very low down in the invertebrate series. The tornaria larva of Balanoglossus 



Fig. 9. — Cephalodiscus. Diagram of longi- 
tudinal section, a. anus; bc^. cailome of pro- 
boscis ; bc^. coelome of collar ; 6c®. coelome of 
trunk ; int. intestine ; m. mouth ; nch. supposed 
notochord ; tt. s. nerve-strand ; op. operculum ; 
OPS. oesophagus; ov. ovary; ovd. oviduct; ph. 
pharynx ; p. p. proboscis-pore ; ps. proboscis ; 
5 ^ stomach; stalk. (After Harmer.) 
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exhibits a striking likeness to an echinopaediuni (Vol. I., p. 422), and, though 
this likeness between the larvae does not establish near connection, it suggests, 
at least, that an alliance exists. Between actinotrocha and tornaria there 
are some striking points of resemblance ; and a pair of gastric diverticula in 
the former have sometimes been compared with the single notochord or 
oesophageal diverticulum of the Hemichorda. 



Fig. io, RhEbdoploura* A, Entire zooid. a, mouth; b, anus; c, stalk of zooid; d, pro- 
boscis ; e, intestine ; /, anterior region of trunk ; g, one of the tentacles. (After Ray Lankester.) 
B, Diagram of the organisation : median longitudinal section, seen from the left. a. arm ; an. 
anal ^prominence col. collar; col. nc. collar-nerve; c. s. cardiac sac; int. intestine; ♦». mouth; 
nlc. notochord ** ; ae. oesophagus ; pr. proboscis ; pr. c. proboscis-coelome ; ret. rectum ; st. 
stomach ; te. tentacles ; tr. c. trunk-coelome ; v. n. ventral nerve. (After Schepotieff.) 

SUB-PHYLUM II AND CLASS.— UROCHORDA. . 

The Class Urochorda or Tunicata comprises the Ascidians or Sea-Squirts, 
which are familiar objects on every rocky sea-margin, together with a number 
of allied forms, the Salpae and others, all marine and for the most part pelagic. 
The Urochorda are specially interesting because of the remarkable series of 
changes which they undergo in the course of their life-history. Some present 
us with as marked an alternation of generations as exists among so many 
lower forms ; and in most there is a retrogressive metamorphosis almost, if not 
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quite, as striking as that which has been described among the parasitic Cope- 
poda or the Cirripedia. In by far the greater number of cases it would be 
quite impossible by the study of the adult animal alone to guess at its relation- 
ship with the Chordata ; its affinities with that phylum are only detected when 
the life-history is followed out, the notochord and other higher structures 
becoming lost in the later stages of the metamorphosis. Multiplication by 
budding, so common in the lower groups of Invertebrata, but exceptional or 
absent in the higher, is of very general occurrence in the Urochorda. 

) I, Example of the Class — ^The Ascidian or Sea-Squirt. 

1 (Ascidia.) 

Sea-squirts are familiar objects on rocky sea-shores, 
where they occur, often in large associations, adhering firmly 
to the surface of the rock. When touched the Ascidian ejects 
with considerable force two fine jets of sea-water, which are 
found to proceed from two apertures on its upper end. The 
shape of the Ascidian, however, can only be profitably studied 
in the case of specimens that are completely immersed in the 
sea-water, specimens not so immersed always undergoing 
contraction. In an uncontracted specimen (Fig. ii), the 
general shape is that of a short cylinder with a broad base by 
which it is fixed to the rockr The free end presents a large 
rounded aperture, and some little distance from it on one 
side is a second of similar character ; the former aperture is 
termed the oral, the latter the airial. A strong current of 
water will be noticed, by watching the movements of floating 
particles, to be flowing steadily in at the former and out of 
the latter. When the animal is removed from the water both apertures 
become narrowed, so as to be almost completely closed, by the contraction of 
sphincters of muscular fibres which surround them. At the same time the 
walls of the body contract, streams of water are forced through the aper- 
tures, and the bulk is considerably reduced. 

Body-wall and Atrial Cavity. — The outer layer of the body-wall is composed 
of a tough translucent substance forming a thick test or tunic (Fig. 12, test). 
This proves when analysed to consist largely of a substance called tunicine, 
which is related to, though not identical with, cellulose, a characteristic plant 
product itself not found in the animal kingdom, except in the ‘ plant-like ’ 
forms of Protozoa. The test of an Ascidian is frequently referred to as a cuticle, 
and it is a cuticle in the sense that it lies outside the ectoderm and is derived 
from that layer in the first instance. The cells, however, by the action of 
which its substance is added to in later stages, seem to be chiefly derived, not 
from the ectoderm, but from the underlying mesoderm, from which they migrate 



Fig. II. — Asci- 
dia, entire animal 
seen from the right 
side. (After Herd- 
man.) 
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through the ectoderm to the outer surface. These formative cells of the test 
are to be found scattered through its substance. Running through it are also 
a number of branching tubes lined with cells, each terminal branch ending 
in a little bulb-like dilatation. The interior of each tube is divided into two 

channels by a longitudinal sep- 
turn, which, however, does not 
completely divide the terminal 
bulb. Through these tubes (which 
are of the nature of looped blood- 
vessels) blood circulates, passing 
along one channel, through the 
terminal bulb, and back through 

When the test is divided (Fig. 
12), the soft wall of the body or 
! mantle (mant.), as it is termed, 

tnc/ comes into view; and the body 

■ found to be freely suspended 

H . within the test, attached firmly 

latter only round the oral 
■ and atrial apertures. The mantle 

(body-wall) consists of the ecto- 
derm with underlying layers of 
^ connective-tissue enclosing mus- 

cular fibres. It follows the general 
..W shape of the test, and at the two 

® ^ apertures is produced into short 

and wide tubular prolongations. 

Fig. 12.— Dissection of Ascidia from the right ^|,:ph arp known rpc;npr>ivplv 

side. The greater part of the test and mantle has WUlcn are KnOWn respectively as 

been removed from that side so as to bring into view the oral and atrial siphons (Fig, 

the relation of these layers and of the internal cavities . , *^7 \ 

and the course of the alimentary canal, etc. an. 14 ' * Slpn., atr . Stplt.). lliese 

anus; a<n «/. atrial aperture ; e«i. endostyte ; gon. ^re continuous at their margins 

gonad : gonod. gonoduct ; hyp. neural gland ; hyp. . , , • e , ° 

d. duct of neural gland ; memt. mantle ; ne. gn. With the margins of the apertures 

SrSKSli “■ t. ‘KSf SSlSiUr; of the test, and round the openings 
tent, tentacles ; test, test. (After Herdman.) are the strong sphincter muscles 

by which closure is effected. In 
the rest of the mantle the muscular fibres are arranged in an irregular net- 
work, crossing one another in all directions, but for the most part either 
longitudinal or transverse. Within the body-wall is a cavity, the atrial or 
Peribranchial cavity {atr. cav.), communicating with the exterior through the 
atrial aperture : this is not a coelome, being formed to a great extent by 
involution from the outer surface. 


Fig. 12. — -Dissection of Ascidia from the right 
side. The greater part of the test and mantle has 
been removed from that side so as to bring into view 
the relation of these layers and of the internal cavities 
and the course of the alimentary canal, etc. an. 
anus ; atr. ap. atrial aj^erture ; end. endostyle ; gon. 
gonad ; gonod. gonoduct ; hyp. neural gland ; hyp. 
d. duct of neural gland ; mant. mantle ; ne. gn. 
ncrve*ganglion ; ces. ap. aperture of oesophagus ; or. 
ap. oral aperture ; ph. pharynx ; siom. stomach ; 
tent, tentacles ; test, test. (After Herdman.) 
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Pharynx. — The oral aperture leads by a short and wide oral passage (stomo- 
d(ritni) into a chamber of large dimensions, the pharynx or branchial chamber 
(Fig. 725, ph.). This is a highly characteristic organ of the Urochorda. Its 
walls, which are thin and delicate, are pierced by a number of slit-like aper- 
tures, ihejtigtmta (Fig. 14, stigm,), arranged in transverse rows. Through 
these the cavity of the pharynx communicates with the atrial or peribranchial 
cavity,^ which completely surrounds it except along one side. The edges of 
the stigmata are beset with numerous strong cilia, the action of which is to 
drive currents of water from the pharynx into the atrial cavity. It is to the 
movements of these cilia lining the stigmata 
that are due the currents of water already 
mentioned as flowing into the oral and out 
of the atrial aperture, the ciliary action 
drawing a current in through the oral aper- 
ture, driving it through the stigmata into 
the atrial cavity, whence it reaches the 
exterior through the atrial aperture. The 
stigmata (Fig. 13) are all vertical in posi- 
tion ; those of the same row are placed close 
together, separated only by narrow vertical 
bars ; neighbouring rows are separated by 
somewhat thicker horizontal bars ; in all 
of these bars run blood-vessels. Extending 
across the atrial cavity from the body-wall to the wall of the pharynx are a 
number of bands of vascular mesodermal tissue, the connectives. 

It has been already mentioned that the atrial cavity does not completely 
surround the pharynx on one side. This is owing to the fact that on the side 
in question, which is ventral in position, the wall of the pharynx is united with 
the mantle along the middle line (Fig. 15). Along the line of adhesion tl^e 
inner surface of the pharynx presents a thickening in the form of a pair of 
longitudinal folds separated by a groove : to this structure, consisting of the 
two ventral longitudinal folds with the groove between them, the term mdostyl e 
{end,) is applied. The cells covering the endostyle are large cells of two kinds — 
ciliated cells and gland-cells — the former beset at their free ends with cilia, the 
action of which is to drive floating particles that come within their influence 
outwards towards the oral aperture, the latter secreting and discharging a 
viscid mucous matter. Anteriorly the endostyle is continuous with a ciliated 
ridge which runs circularly round the anterior end of the pharynx. In front 
of this circular ridge, and running parallel with it, separated from it only by a 

^ A distinction is sometimes made between the lateral parts of this space (peribranchial cavities, 
right and left) and the median unpaired (dorsal) part (atrial cavity, or cloaca), in which the two 
peribranchial cavities coalesce, and which leads to the exterior through the atrial aperture. 


rv il 



Fig. 13. — Ascidia, a single mesh of 
the branchial sac, seen from the inside. 
i. 1. internal longitudinal bar ; 1. v. longi- 
tudinal vessel ; p. p\ papill® projecting 
inwards from the branchial bar ; sg. 
stigma ; tr, transverse vessel. (After 
Hcrdman.) 
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narrow groove, is another ridge of similar character : these are termed the 
peripharyngeal ridges ; the groove between them is the peripharyngeal groove. 
Dorsally, i.e. opposite the endostyle, the posterior peripharyngeal ridge passes 
into a median, much more prominent, longitudinal ridge, the dorsal lamina 
{dors, lam,), which runs along the middle of the dorsal surface of the pharynx 



Fig. 14. — Ascidia, diagram of longitudinal section 
from the left side, the test and mantle removed, an. 
anus ; atr. cav. atrial cavity ; atr. siph. atrial siphon ; hr. 
car. branchio-cardiac vessel ; card. vise, cardio-visceral 
vessel ; dors. v. dorsal vessel ; gonod. gonoduct ; ht. 
heart ; hyp. neural gland ; mant. mantle ; ne. gn, nerve- 
ganglion ; CCS. oesophagus ; or. siph. oral siphon ; ov. 
ovary; red. rectum; stigm. stigmata; stom. stomach; 
tent, tentacles ; test, test ; tr. v. transverse vessel ; vent. 
V. ventral vessel ; vise. hr. viscero-branchial vessel. 
(From Herdman, after Perrier.) 


to the opening of the oeso- 
phagus. In the living animal 
the lamina is capable of being 
bent to one side in such a way 
as to form a deep groove. 
The mucus secreted by the 
gland-cells of the endostyle 
forms viscid threads which 
entangle food-particles (mi- 
croscopic organisms of various 
kinds) ; the cilia of its ciliated 
cells drive these laterally 
across the basket-work to the 
dorsal lamina, and the cilia 
on the cells of the latter 
drive them backwards to the 
opening of the oesophagus. 

Some little distance in 
front of the anterior peri- 
pharyngeal ridge, at the 
inner or posterior end of the 
oral siphon, is a circlet of 
delicate tentacles (Fig. 12, 
tent.). 

Enteric Canal. — The oeso- 
phagus (Figs. 12-14, (TS.) 
leads from the pharynx (near 
the posterior end of the dorsal 
lamina) to the stomach (stom.), 
which, together with the in- 
testine, lies embedded in the 
mantle on the left-hand side. 


The stomach is a large fusiform sac with tolerably thick walls. The intes- 
tine is bent round into a double loop and runs forwards to terminate in an 
anal aperture (an.) situated in the atrial cavity. Along its inner wall is a 
thickening — the typhlosole. There is no liver ; but the walls of the stomach are 
glandular, and a system of delicate tubules, which ramify over the wall of the 
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intestine and are connected with a duct opening into the stomach, is supposed 
to be of the nature of a digestive gland. 

The Ascidian has a well-developed blood-system. The heart (Fig. 14, ht,) 
is a simple muscular sac, situated near the stomach in the pericardium — a 
cavity entirely cut off from the surrounding spaces in which the blood is con- 
tained. Its mode of pulsation is very remarkable. The contractions are of 
a peristaltic character, and follow one another from one end of the heart to the 
other for a certain time ; then 
follows a short pause, and when the 
contractions begin again they have 
the opposite direction. Thus the 
direction of the current of blood 
through the heart is reversed at 
regular intervals. There are no 
true vessels, the blood circulating 
through a system of channels or 
sinuses devoid of epithelial lining, 
and of spaces or lacunae, forming a 
haemocoele : in the description that 
follows, therefore, the word vessel 
is not used in its strict sense. At 
each end of the heart is given off a 
large vessel."' That given off 
ventrally , the branchio-cardiac vessel 
{br, car,), runs along the middle of 
the ventral side of the pharynx 
below (externally to) the endo- 
style and gives off a number of 
branches which extend along the 
' bars between the rows of stig- 
mata, and give off smaller branches passing between the stigmata of each 
row. The vessel given off from the dorsal end of the heart — the cardio-visceral 
[card, vise,) — breaks up into branches which ramify over the surface of the 
alimentary canal and other organs. This system of visceral vessels or lacunae 
opens into a large sinus, the viscero-branchial vessel, which runs along the middle 
of the dorsal wall of the pharynx externally to the dorsal lamina, and com- 
municates with the dorsal ends of the series of transverse branchial vessels. 
In addition to these principal vessels there are numerous lacunae extending 
everywhere throughout the body, and a number of branches, given off both 
from the branchio-cardiac and cardio-visceral vessels, ramify, as already 
stated, in the substance of the test. The direction of the circulation through 
the main vessels differs according to the direction of the heart's contractions. 

VOL. II. c 



blood-vessels ; dors. lam. dorsal lamina ; epi, 
epidermis; end. endostyle ; gn. ganglion; hyp. 
neural gland ; mus. muscular layer of wall of body ; 
peribr. peribranchial cavity ; ph. pharynx ; test, 
test; vas. tr. vascular tfabecul;e. (After Julin.) 
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When the heart contracts in a dorso- ventral direction, the blood flows through 
the branchio-cardiac trunk to the ventral wall of the pharynx, and through 
the transverse vessels, after undergoing oxygenation in the finer branches 
between the stigmata, reaches the viscero-branchial vessel, by which it is 
carried to the system of visceral lacunae, and from these back to the heart by 
the cardio-visceral vessel. When the contractions take the opposite direction, 
the course of this main current of the blood is reversed. 

The nervous system is of an extremely simple 
character. There is a single nerve-ganglion (Figs. 
12 and 14, ne. gn., 16, gn,, and 17, n, g.) which lies 
between the oral and atrial apertures, embedded 
in the mantle. This is elongated in the dorso-ventral 
direction, and gives off at each end nerves which pass 
to the various parts of the body. 

Lying on the ventral side of the nerve-ganglion is 
a body — the neural gland (Figs. 12, 14, hyp . ; Fig. 16, 
gld.^diwA Fig. I7,n.gl .) — ^which has sometimes been 
correlated with the hypophysis of the Craniata. A 
duct (Fig. 16, dct., and Fig. 17, gl. d.) runs forward 
from it and opens into the cavity of the pharynx ; 
the termination of the duct is dilated to form the 
ciliated funnel, and this is folded on itself to form a' 
prominence, the dorsal tubercle, which projects into 
the cavity of the pharynx. The dorsal tubercle may 
be a sensory organ : the neural gland may have to do 
with excretion. 

The excretory system seems to be mainly repre- 
sented by a single mass of clear vesicles, without a 
duct, lying in the second loop of the intestine. In 
the interior of these are found concretions containing 
uric acid. 

Reproductive System. — The sexes are united. The ovary and the testis 
are situated close together on the left-hand side of the body in the i^^testinal 
loop. Continuous with the gonad is a duct — oviduct or sperm-duct, as the 
case may be — which opens into the atrial cavity close to the anus. 

The development of the Ascidian is described below (p. 30), 

2. Distinctive Characters and Classification. 

The Urochorda are Chordata in which the notochord is confined to the tail 
region, and, in all but the Larvacea, is found only in the larva. The adults, 
which for the most part are retrogressively metamorphosed in other respects 



Fig. 16. — Ascidia. Dorsal 
tubercle, nerve-ganglion, and 
associated parts as seen from 
below, dot. duct of neural 
gland ; dors. lam. dorsal 
lamina ; gld. neural gland ; 
gn. ganglion ; hyp. dor.sai 
tubercle; nv., nv. nerves; 
periph. peripharyngeal band. 
(After Julin.) 
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besides the abortion of the notochord, are sometimes sessile, sometimes free 
and pelagic ; they frequently form colonies (fixed or free) by a process of bud- 
ding, and in some instances exhibit a well-marked alternation of generations. 
The body is enclosed in a test consisting largely of cellulose. The proximal 
part of the enteric canal (pharynx) is enlarged to form a spacious sac with 
perforated walls, acting as an organ of respiration. There is a simple heart 
with a system of sinuses, all devoid of epithelial lining. The coelome is not 



Fig. 17. — Aiiterio-dorsal part of Ascidia, showing the relations of the layers of the body and 
of the nervous system, A, in sagittal section; B, in transverse section, d. hi. s. dorsal blood- 
sinus; d. I, dorsal lamina; d, n. dorsal nerve; d. t. dorsal tubercle; ect. ectoderm; en. endo- 
derm ; e. p, br. epithelium of peribranchial cavity ; gl. d. duct of neural gland ; /. v. points to the 
ciliated epithelium covering a longitudinal vessel of branchial sac (pharynx) ; m. mantle ; n 
nerve ; n. g. ganglion ; n, gl. neural gland ; p. br. peribranchial cavity ; pp. b. periphargyngeal 
bands; sph. oral sphincter; t'. test; tn. tentacle. (After Herdman.) 

recognisable. The sexes are united. The larva is always free-swimming, and 
is nearly always provided with a caudal appendage. 

Three orders of Urochorda are recognised : — 


£order I. — ^Larvacea. 

Free-swimming pelagic Tunicata with a caudal appendage supported by a 
skeletal axis or notochord. The test is represented by a relatively large 
temporary envelope, the house," formed with great rapidity as a secretion 
from the surface of the ectoderm and frequently thrown off and renewed. 
The pharynx has only two stigmata, and these lead directly to the exterior. 
There is no atrial or peribranchial cavity. The principal nerve-ganglion gives 
off a nerve-cord with ganglionic enlargements running to the tail, along the 
dorsal aspect of which it passes to the extremity. There is no reproduction 
by budding, and development takes place without metamorphosis. 

This order contains only a single family, the Appendiculariidce, with about^ 
nine genera, including Appendicularia and Oikopleur a^ 
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Order 2. — ^Thaliacea. 

Free-swimming Tunicata, sometimes simple, sometimes colonial, never 
provided with a caudal appendage in the adult condition. The test is a per- 
manent structure. The muscular fibres of the body-wall are arranged in 
complete or interrupted ring-like bands, or diffusely. The pharynx has either 
two large or many small stigmata leading into an atrial cavity which com- 
municates with the exterior by the atrial aperture. There is usually an 
alternation of generations ; there may or may not be a tailed larval stage. 

Sub-Order a. — Cyclotnyaria. 

Thaliacea with a cask-shaped body, having the oral and atrial apertures at 
opposite ends, and surrounded by a series of complete rings of muscular fibres. 
There is a tailed larval stage. 

This sub-order contains only one family, the Doliolida, with the three 
genera, Doliolum, Anchinia, and Dolchinia. 

Sub-Order b. — Heniimyaria. 

Thaliacea with a more or less fusiform body, with sub-terminal oral and 
atrial apertures. The muscular fibres are arranged in bands which do not 
form complete rings. There is no tailed larval stage. 

This sub-order is probably best looked upon as comprising only one family, 
the Salpidee. 


Order 3. — ^Ascidiacea. 

Mostly fixed Tunicata, either simple or forming colonies by a process of 
budding, and, in the adult condition, never provided with a tail. The test is 
a permanent structure, usually of considerable thickness. The muscular 
fibres of the mantle (body-wall) are not arranged in annular bands. The 
pharynx is large, and its walls are perforated by numerous stigmata leading 
into a surrounding atrium or peribranchial cavity, which communicates with 
the exterior by an atrial aperture. Most undergo a metamorphosis, the larva 
being provided with a caudal appendage, supported by a notochord similar to 
that of the Larvacea. 


Sub-Order a. — Ascidia simplicesA 

Ascidians in which, when colonies are formed, the zooids are not embedded 
in a common gelatinous mass, but possess distinct tests of their own. They 
are nearly always permanently fixed and never free-swimming. 

Including all the larger Ascidians or Sea-Squirts. 

^ This classification into “ simple *' and ** compound ** Ascidians is one of convenience. The 
more modern classification is very complicated. 
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Sub-Order b. — Ascidice compositce. 

Fixed Ascidians which form colonies of zooids, embedded in a common 
gelatinous material without separate tests. 

This order includes Botryllus, Amarcecium, Diazona, and a number of other 
genera. 

Order 4. — ^Lucida, 

Pelagic Tunicata which reproduce by budding, so as to give rise to hollow 
cylindrical colonies, open at one or both ends, having the zooids embedded in 
the gelatinous wall in such a manner that the oral apertures open on the outer, 
the atrial on the inner surface of the cylinder. There is no tailed larval stage. 

This order comprises only one family, the Pyrosomidce, with one genus, 
Pyrosotna. 

Systematic Position of the Example. 

The genus Ascidia, of which there are very many species, is a member of 
the family Ascidiida of the Ascidits simpiices. The Ascidiidae differ from the 
other families of simple Ascidians by the union of the following characters : 
The body is usually sessile, rarely elevated on a peduncle. The oral aperture 
is usually 8-lobed and the atrial 6-lobed. The test is always of gelatinous or 
cartilaginous consistency. The wall of the pharynx is not folded ; the tentacles 
are simple and filiform. The gonads are placed close to the intestine. 

The genus Ascidia is characterised by having the oral and atrial apertures 
not close together, by the dorsal lamina being a continuous undivided fold, 
and by the ganglion and neural gland being situated at a little distance from 
the dorsal tubercle. 

I General Organisation . 

General Features. — The Larvacea- are minute transparent animals, in shape 
not unlike tadpoles, with a rounded body and a long tail-like appendage 
attached to the ventral side. At the extremity of the body most remote from 
the tail is the aperture of the mouth. This leads into a tolerably wide pharynx 
(Fig. 19, ph.), in the ventral wall of which (except in Kowalevskia) is an endo- 
style similar to that of the simple Ascidian, but comparatively short. Round 
the phar3mx there run obliquely two bands covered with strong cilia — the 
peripharyngeal bands, which join a median dorsal ciliated band. On the ventral 
side of the pharynx there are two ciliated openings — the stigmata [stig.), which 
communicate with the exterior by short passages — ^the atrial canals, situated 
on either side behind the anus. The axis of the tail is occupied by a cylindrical 
rod — ^the notochord or urochord (noto.). 

A remarkable peculiarity of the Larvacea is the power which they possess 
of secreting from the surface, by the agency of certain specially modified 
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ej)idermal cells, a transparent envelope which is frequently discarded and 
quickly renewed. The chief object of this structure seems to be the capture 
of the very minute plankton-organisms on which the Larvacea feed. In 
Oikopleura (Fig. i8) the '' house " is a comparatively large structure within 
which the animal is enclosed : undulatory movements of the tail cause a current 
of water to flow in through a pair of incurrent apertures and out through a single 
excurrent aperture ; the former are closed by lattice-work of fine threads, 
preventing the passage of any but the 


smallest organisms. In the interior 
is an elaborate apparatus for filtering 
out the minute organisms from the 
water as it passes through. In Appen- 
dicularia and Koimlevskia the house 
also encloses the animal : in Fritillaria 
it does not do so. 



Fig. i8. — Oikopleura in house.*' The 
arrows show the course of the current. (From 
Herdman, after Fol.) 



Fig. 19. — Diagram of Appendicularia from 
the right side. an. anus ; ht. heart ; int. intes- 
tine ; ne. nerve ; m'. caudal portion of nerve ; 
ne. gn'. principal nerve- ganglion ; ne. gn.'\ ne. 
gn.'" first two ganglia of nerve of tail ; noio. 
notochord ; ces. oesophagus ; or. ap. oral aper- 
ture ; oto. otocyst (statocyst) ; peri. hd. peri- 
pharyngeal band ; ph. pharynx ; tes. testis ; 
stig. one of the stigmata ; stom. stomach. (After 
Herdman.) 


Among the simple Ascidians there is a considerable degree of uniformity 
of structure, and little need be added here to the account given of the example. 
The shape varies a good deal : it is sometimes cylindrical, sometimes globular, 
sometimes compressed ; usually sessile and attached by a broad base, often 
with root-like processes, but in other cases {e.g Boltenia) elevated on a longer 
or shorter stalk. |Most are solitary ; but some (the so-called social Ascidians) 
multiply by budding, stolons being given off on which new zooids are developed, 
so that associations or colonies are formed ; but the connection between the 
zooids is not close, and their tests remain distinct and separate. The test 
varies considerably in consistency, being sometimes almost gelatinous, trans- 
parent or translucent, sometimes tough and leathery, occasionally hardened 
by encrusting sand-grains or fragments of shells, or by spicules of carbonate of 
lime. Calcareous spicules may be developed in the substance of the mantle. 
The apertures always have the same position and relations, varying -only in 
their relative prominence^ The pharynx varies in its size as compared with the 
rest of the internal organs, ip the position which it occupies with regard to the 
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various parts of the alimentary canal, and in the number and arrangement of 
the stigmata. The tentacles are sometimes simple, sometimes compound ; 
and the dorsal lamina may or may 
not be divided up into a system of 
lobes or languets (Fig. 21, lang.f^ 

In the composite Ascidians the 
zooids are embedded in a common 
gelatinous mass formed of their 


united tests. The gelatinous 
colony thus formed is sometimes 
flat and encrusting, sometimes 
branched or lobed, sometimes 
elevated on a longer or shorter 
stalk. In certain forms the gelatin- 
ous substance is hardened by the 
inclusion in it of numerous sand- 
grains. The arrangement of the 
zooid presents great differences. 
Sometimes they occur irregularly. 



Fig. 20. — Botryllus viola- 
ceus. or. oral apertures ; cl. 
opening of common cloacal 
chamber. (After Milne-Ed* 
wards.) 


pfr- 




tom. - 
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Fig. 21. — Diagram of a zooid of a colony 
of Composite Ascidians, in which the zooids 
are in pairs, as seen in a vertical section of 
the colony, an. anus ; at. atrium ; at'. 
atrium of adjoining zooid ; cl. cloaca com- 
mon to the two zooids ; end. endostyle ; gld. 
digestive gland ; gn. nerve-ganglion ; ht. 
heart ; hyp. neural gland ; lang. languets ; 
mant. mantle; or. ap. oral . aperture ; ov. 
ovary ; periph. peripharyngeal band ; ph. 
pharynx ; rect. rectum ; siom. stomach ; te. 
testis ; tent, tentacles ; tst. test, or common 
gelatinous mass ; v. d. vas deferens. (After 
Herdman.) 


dotted over the entire surface without exhibiting any definite arrangement ; 
sometimes they are arranged in rows or regular groups ; in Botryllus (Fig. 20) 
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they form star-shaped, radiating sets around a common cloacal chamber into 
which the atrial apertures of the zooids lead, while the oral apertures are 
towards their outer ends. In essential structure the zooids of such colonies 
(Fig. 2i) resemble the simple Ascidians. 7 



Fig. 22. — ^Doliolum. Diagram of the sexual form. atr. ap. atrial aperture surrounded by 
lobes ; atr. cav. atrial cavity ; d. tbc. dorsal tubercle ; end. endostyle ; hi. heart ; int. intestine ; 
mus. bds. muscular bands; ne. gn. nerve-ganglion; or. ap. oral aperture; ov. ovary; peri. bd. 
peripharyngeal band ; ph. pharynx ; stig. stigma ; stom. stomach ; test, testis. (After Herdman.) 


In the free-swimming pelagic Doliolum (Fig. 22) the shape is widely 
different from that of the ordinary fixed forms. The body is cask-shaped, 
surrounded as by hoops, by a series of annular bands of muscular fibres (w«s. 
hds^. The oral and atrial apertures {or. ap., atr. ap.), instead of being situated 




muB.hds end 


or.etp 


acna.or^ 

n,c.j^n 

Fig. 23. — Salpa democratica, asexual form, ventral view. atr. ap. atrial aperture; branch. 
dorsal lamina ; end. endostyle ; ht. heart ; mus. bds. muscular bands ; ne. gn. nerve-ganglion ; 
or. ap. oral aperture ; proc. processes at the posterior end ; sens. org. sensory organ (ciliated funnel 
and languet) ; stol. stolon. (After Vogt and Jung.) 

near together at the same end of the body, are placed at opposite extremities, 
and the relations of the various organs have undergone a corresponding modi- 
fication. The test is thin and transparent. Surrounding each opening is a 
series of lobes — the oral and atrial lobes — ^in which there are sense-organs ; and 
the first and last of the muscular hoops serve as sphincters for the two orifices. 
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V. 

The oral aperture leads into a wide pharyngeal sac {ph) occupying at least tTli||^ 
anterior half of the body ; the posterior wall of the pharynx alone is usually 
perforated by stigmata (sh'g.). An endostyle (end.) is present, and a peri- 
pharyngeal band ; but there is no dorsal lamina. Doliolum moves through 
the water by the contractions of the muscular bands, which have the effect 
of driving the water backwards out of the branchial sac. 

Salpa (Figs. 23-24) is nearly allied to Doliolum in its external features 
and internal structure. It has a fusiform body, usually somewhat com- 
pressed laterally, and with the oral and atrial apertures terminal ; but the 
muscular bands do not form complete hoops. The pharyngeal and atrial 



Fig. 24. — Salpa. Lateral view of a section — ^which is sagittal (longitudinal, vertical, and 
median) in the oral two-thirds, and oblique in the atrial third, a/, atrial cavity; br, branchia ; 
c.c. ciliated crests on the edge of the branchia ; c.f. ciliated funnel ; d, 1. dorsal lip ; end. endostyle ; 
ey. eye ; gl. digestive gland : gn. ganglion ; ht. jneart ; int. intestine ; Ing. languet ; mo. mouth ; 
ce. oesophagus ; oe. ap. oesophageal aperture ; ph. pharynx ; pp. peripharyngeal band ; st. (right) 
stolon ; si. (left) stomach ; v. 1. ventral lip. (After Delage and H6rouard.) 


cavities take up the greater part of the space in the interior of the body, where 
they form an almost continuous cavity, being separated from one another only 
by an obliquely ruiining vascular band, which represents the dorsal lamina 
of the fixed Ascidians and is frequently termed the branchia. 

Octacnemus, sometimes regarded as allied to Salpa appears to be fixed, is 
colonial in one species, and has the oral and atrial apertures towards one end 
of the body, which is somewhat discoid, with its margin produced into eight 
tapering processes. It has no eye. In all probability Octacnemus is more 
nearly related to the social Ascidians (p. 23) than to Salpa. 

Pyrosoma (Fig. 25) is a colonial Tunicate, the colony assuming the form 
of a cylinder, the internal cavity of which, closed at one end, open at the 
other, serves as the common cloaca for all the zooids. The oral apertures 
(Fig. 26, or. ap.) of the zooids are situated on the outer surface of the cylinder 
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on a series of papillae. The colonies of Pyrosoma, which may be from two or 
three inches to four feet in length, are pelagic, and are brilliantly phosphorescent. 

The enteric canal in Appendicularia (Fig. 19) consists, in addition to the 
pharynx, of a narrow oesophagus, a bilobed stomach, and a straight intestine 
{int.) which opens directly by an oral aperture {an,) situated on the ventral 
side. The alimentary canal of the simple Ascidians has already been described, 
and there are few differences of consequence in the various families, except 
that in some cases there is a well-developed digestive gland or '' liver " ; in 
the composite forms the arrangement of the parts is the same in all essential 



Fig. 25. — Colony of Pjrrosoma. A, side view; 
B, end view. (After Herdman.) 



or. ap. oral aperture ; proc. processes of test 
on outer surface of colony ; ph. pharynx ; 
stol. stolon on which are developed buds 
giving rise to new zooids ; tent, tentacles. 
pVfter Herdman.) 


respects as in the simple. In the Salpae and in Doliolum and Octacnemus the 
alimentary canal forms a relatively small dark mass — the so-called nucleus — 
towards the posterior end of the body ; it consists of oesophagus, stomach, 
and intestine, the anal aperture being -situated in the peribranchial or atrial 
part of the internal cavity. 

The heart in all has the simple structure already described in the simple 
Ascidian. In one of the genera of Larvacea [Kowalevskia) it is absent. 

The nervous system in Appendicularia consists of a cerebral ganglion (Fig. 
19, ne. gn' .) on the dorsal side of the mouth, of a dorsal nerve which passes 
from this to a caudal ganglion {ne. gn”.) at the root of the tail, and of a caudal 
neiVe {ne'.) which extends from this to the extremity of the tail, presenting at 
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intervals slight enlargements from which nerves are given off. An otocyst or 
statocyst {oto,) is placed in close relation to the cerebral ganglion, and close to 
it also is a ciliated funnel ; but there is no neural gland opening into the pharynx. 
In one species of Oikopleura a simple light-perceiving organ, without pigment, 
is incorporated with the statocyst. In the simple Ascidians, as we have seen, 
there is a single 'flattened ganglion, representing the cerebral ganglion of 
Appendicularia, situated between the oral and atrial apertures ; and the same 
holds good of the composite forms. Many of the simple Ascidians have pig- 
ment-spots, probably of a sensory character, around the oral and atrial aper- 
tures. The dorsal tubercle is always present, but varies in shape in accordance 
with variations in the form of the ciliated funnel, which opens on it usually in 
conjunction with the duct of the neural gland, of which it forms the terminal 



Fig. 27. — Salpa. Diagrammatic lateral view of the ganglion and neighbouring parts, at, 
wall of atrial cavity ; br. branchia ; hr, ap. aperture of branchia ; c. c. ciliated crests of branchia ; 
c. f. ciliated funnel ; ey. eye ; n, gl. gland (paired) that may represent neural gland ; ph. wall of 
pharynx. (After Delage and H^rouard.) 

part. The opening may be divided into several smaller apertures by fusion 
of its lips : rarely the duct gives off branches with independent openings. 
The tubercle with the ciliated funnel is supplied with nerve-fibres from the 
ganglion, and is probably a sensory organ of some kind. The neural gland is 
usually below the ganglion, but may be situated above it or on one side. Some- 
times it coalesces with it. 

In Salpa and Doliolum there is also a single ganglion (Figs. 22, 23, 24, 
and 27) situated dorsally, giving off nerves to the various parts of the body. 
Salpa has a single tentacle, the so-called languet (Fig. 24, Ing,), absent in 
Doliolum. .In the asexual (solitary) form of Salpa there is a median horse- 
shoe-shaped eye (Figs. 24, 27), and sometimes smaller accessory eyes. In 
Doliolum an eye is not developed, but there is a pair of otocysts or statocysts. 
A neural gland and duct with ciliated funnel are present in Doliolum ; but in 
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on a series of papillae. The colonies of Pyrosoma, which may be from two or 
three inches to four feet in length, are pelagic, and are brilliantly phosphorescent. 

The enteric canal in Appendicularia (Fig. 19) consists, in addition to the 
pharynx, of a narrow oesophagus, a bilobed stomach, and a straight intestine 
[int.) which opens directly by an oral aperture {an.) situated on the ventral 
side. The alimentary canal of the simple Ascidians has already been described, 
and there are few differences of consequence in the various families, except 
that in some cases there is a well-developed digestive gland or liver ; in 
the composite forms the arrangement of the parts is the same in all essential 


A 



Fig. 25. — Colony of Psrrosoma. A, side view; 
B, end view. (After Herdman.) 



Fig. 26. — Part of a section through a 
Pyiosoma colony, atv. ap. atrial aperture; 
or. ap. oral aperture ; proc. processes of test 
on outer surface of colony ; ph. pharynx ; 
stol. stolon on which are developed buds 
giving rise to new zooids ; tent, tentacles. 
(After Herdman.) 


respects as in the simple. In the Salpae and in Doliolum and Octacnemus the 
alimentary canal forms a relatively small dark mass — ^the so-called nucleus — 
towards the posterior end of the body; it consists of oesophagus, stomach, 
and intestine, the anal aperture being -situated in the peribranchial or atrial 
part of the internal cavity. 

The heart in aU has the simple structure already described in the simple 
Ascidian. In one of the genera of Larvacea (Kowalevskia) it is absent. 

The nervous system in Appendicularia consists of a cerebral ganglion (Fig. 
19, ne. gn'.) on the dorsal side of the mouth, of a dOrsal nerve which passes 
from this to a caudal ganglion {ne. gn”.) at the root of the tail, and of a caudal 
nexve {ne\) which extends from this to the extremity of the tail, presenting at 
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intervals slight enlargements from which nerves are given off. An otocyst or 
statocyst (oto,) is placed in close relation to the cerebral ganglion, and close to 
it also is a ciliated funnel ; but there is no neural gland opening into the pharynx. 
In one species of Oikopleura a simple light-perceiving organ, without pigment, 
is incorporated with the statocyst. In the simple Ascidians, as we have seen, 
there is a single 'flattened ganglion, representing the cerebral ganglion of 
Appendicularia, situated between the oral and atrial apertures ; and the same 
holds good of the composite forms. Many of the simple Ascidians have pig- 
ment-spots, probably of a sensory character, around the oral and atrial aper- 
tures. The dorsal tubercle is always present, but varies in shape in accordance 
with variations in the form of the ciliated funnel, which opens on it usually in 
conjunction with the duct of the neural gland, of which it forms the terminal 



Fig. 27. — Salpa. Diagrammatic lateral view of the ganglion and neighbouring parts, at. 
wall of atrial cavity ; br. branchia ; hr. ap. aperture of branchia ; c. c. ciliated crests of branchia ; 
c. f. ciliated funnel ; ey. eye ; n. gl. gland (paired) that may represent neural gland ; ph. wall of 
pharynx. (After Delage and Herouard.) 

part. The opening may be divided into several smaller apertures by fusion 
of its lips : rarely the duct gives off branches with independent openings. 
The tubercle with the ciliated funnel is supplied with nerve-fibres from the 
ganglion, and is probably a sensory organ of some kind. The neural gland is 
usually below the ganglion, but may be situated above it or on one side. Some- 
times it coalesces with it. 

In Salpa and Doliolum there is also a single ganglion (Figs. 22, 23, 24, 
and 27) situated dorsally, giving off nerves to the various parts of the body. 
Salpa has a single tentacle, the so-called languet (Fig. 24, Ing.), absent in 
Doliolum. .In the asexual (solitary) form of Salpa there is a median horse- 
shoe-shaped eye (Figs. 24, 27), and sometimes smaller accessory eyes. In 
Doliolum an eye is not developed, but there is a pair of otocysts or statocysts. 
A neural gland and duct with ciliated funnel are present in Doliolum ; but in 
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Salpa, though there are a pair of glands which occupy a position similar to 
that occupied by the neural gland (Fig. 27, n. gl.), their correspondence with 
the latter is not established, and their ducts have no connection with the 
ciliated funnel. 

In the simple Ascidian we have seen that the renal organ consists of a number 
of large clear vesicles situated in the loop of the intestine and devoid of duct. 
In some forms the terminal portion of the sperm-duct has glandular walls in 
which concretions of uric acid have been found. The neural gland is by some 
zoologists looked upon as having an excretory function, but there is no positive 
evidence in favour of this view, and no definite conclusion has yet been reached 
as to the function which it performs. 

Reproductive System. — The Urpchorda are hermaphrodite. Ovary and 
testis are in all cases simple organs placed in close relation with one another. 
In Appendicularia (Fig. 19) they are situated in the aboral region of the 
body. In the simple Ascidians they may be either single or double, and their 
ducts, sometimes very short, sometimes more elongated, open close together 
into the atrial cavity. In Pyrosoma there are no gonoducts, the ovary — ^which 
contains only a single ovum — and the testis being lodged in a diverticulum of 
the peribranchial cavity. In Salpa also the ovary contains usually only a 
single ovum : ovary and testis lie in close relation to the alimentary canal in 
the " nucleus,” and their short ducts open into the peribranchial cavity. In 
Doliolum the elongated testis and oval ovary have a similar position to that 
which they occupy in Salpa, but the ovary consists of a number of ova. 

Development and Metamorphosis. — In the Ascidiacea impregnation usually 
takes place after the ova have passed out from the atrial cavity. But in a 
few simple, and most, if not all, compound forms impregnation takes place 
in the atrium or in a special outgrowth of the latter serving as a brood-sac, 
and the ovum remains there until the tailed larval stage is attained. In certain 
composite forms there is a coalescence of the investing layers of the ovum with 
the wall of the atrium, forming a structure analogous to the placenta of Mam- 
mals and designated by that term. Self-impregnation is usually rendered 
.impossible by ova and sperms becoming mature at different times; but some- 
times both ripen simultaneously, and self-impregnation is then possible. 

A somewhat complicated series of membranes invests the ovum. The 
immature ovarian ovum is enclosed in a"^^r of flat ceijs:— the primitive 
foUicU-cdls — derived from indifferent cells of the ovary. On the "suHace of 
fhis is4ieveloped a structureless basal membrane. The follicle-cells increase 
by division and soon form a sphere of cubical cells. Certain of the cells migrate 
into the interior of the sphere so as to form a layer on the surface of the ovum’. 
Others penetrate into the latter so as to lie in the. superficial strata of the 3rolk. 
The layer of cells on the surface of the ovum^ar^, termed the test-cells (Fig. 
28, e ) : they afterwards develop bn the outer surface aThln* striicfureless 
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layer, the chorion (d), and internal to them is formed a gelatinous layer (*) 
through which the test-cells in a degenerated condition become scattered*-' 
Meantime, external to the follicle-cells, between them and the basal membrane, 
has appeared a layer of flattened epithelial cells ; this, with the basal mem- 
brane, is lost before the egg is discharged. In all the simple Ascidians, with 
the exception of the few in which development takes place internally, the 
protoplasm of the follicle-cells (Fig. 28, c) is greatly vacuolated, so as to appear 
frothy, and the cells become greatly enlarged, projecting like papill® on the 
surface and buoying up the developing ovum. 

Segmentation is complete and approximately equal, but in the eight-cell 
stage four of the cells are smaller and four larger : the smaller, situated on the 
future dorsal side, are the beginning of the 
endoderm; the four larger form the greater ^ 

part, if not the whole, of the ectoderm. In — * , 

the following stages the ectoderm cells multiply ^ ^ 

more rapidly than the endoderm, so that they f ; 

soon become the smaller. In the sixteen- ( 1 * 

celled stage the embryo (Fig. 29, A) has the 
form of a flattened blastula (j)lacula) with 
ectoderm on one side and endoderm on the 
other, and with a small segmentation-cavity. 

The transition to the gastrula stage is in most ^ 

Ascidians effected by a process intermediate 28.— Ascidisn (Ciona). Ma- 

. n , , . , T T M T ture egg from the oviduct after the 

in character between embolic and eplbolic basal membrane and layer of flat- 

invagination ; in some the invagination is of a *^ciK)riosr^*^e°*test 

distinctly epibolic character. In the former cells'; 7 ovum gelatinous' layer, 

case the ectoderm cells continue to increase Hejder, after 

more rapidly than the endoderm, the whole 

embryo becomes curved, with the concavity on the endodermal side, and the 
ectoderm extends over the endoderm, the two layers coming to lie in close 
contact and the segmentation-cavity thus becoming obliterated. The concavity 
deepens until the embryo assumes the form of a saucer-shaped gastrula with an 
archenteron and a blastopore which is at first a very wide aperture extending 
along the whole of the future dorsal side. The blastopore gradually becomes 
constricted (Fig. 29, B) — ^the closure taking place from before backwards, 
and the opening eventually being reduced to a small pore at the posterior end 
of the dorsal surface. 

The embryo elongates in the direction of the future long axis. The dorsal 
surface becomes recognisable by being flatter, while the ventral remains con- 
vex. The ectoderm cells bordering the blastopore are distinguished from the 
rest by their more cubical shape ; these cells, which form the earliest rudiment 
of the nervous system, become arranged, as the blastopore undergoes con- 
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traction, in the forni of a plate — the medullary plate — on the dorsal surface. 
On the surface of this plate appears a groove — the medullary groove — bounded 
by right and left medullary folds, which pass into one another behind the 
blastopore. 

The medullary folds grow upwards and inwards over the medullary groove, 
and unite together (D), the union beginning behind and progressing forwards 
in such a way as to form a canal, the neuroccele, in the hinder portion of which 



Fig. 29. — Early stages in the development of Clavellma. A, flattened blastula; B, early 
gastnila ; C, approximately median optical section of more advanced gastrula in which the 
blastopore has become greatly reduced and in which the first rudiment of the notochord is dis- 
cernible ; D, similar view of a later larva in which the medullary canal has begun to be closed in 
posteriorly. hU p, blastopore ; ecU ectoderm ; end. endoderm ; med. can. medullary canal ; nerv. 
cells destined to give rise to the nerve-cord ; neur. neuropore ; noto. notochord ; seg. cav. segmenta- 
tion cavity. (A and B from Korschelt and Heider, after Seeliger ; C and D after Van ^neden 
and Julin.) 

is the opening of the blastopore. In this process of closing-in of the medullary 
groove the fold which passes round behind the blastopore takes an important 
part, .growing forwards over the posterior portion of the canal. The blasto- 
pore, thus enclosed in the medullary canal, persists for a time as a small opening 
— the neurenteric canal — by which the neuroccele and enteric cavity are placed 
in communication. At the anterior end of the medullary canal, owing to its 
incomplete closure in this region, there remains for a time an opening — the 
neuropore (Fig. 30, neur.) — leading to the exterior. 
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A notochord (Figs. 29, C, D, 30 and 31, noto.) is formed from certain of 
the cells of the wall of the archenteron along the middle line of the dorsal side. 
These are arranged to form an elongated cord of cells which becomes com- 



Fig. 30. — Later stages in the development of Clavellina. A, approximately median optical 
section of a larva in which the medullary canal (neurocoele) has become enclosed throughout, 
‘communicating with the exterior only by the neuropore at the anterior end and with the archenteron 
by the neurenteric canal ; Z?, larva with a distinct rudiment of the tail and well-formed mesoderm- 
jlayer and notochord. Letters as in preceding figure ; in addition, mes, mesoderm, (After Van 
;®eneden and Julin.) 

^letely constricted off from the endoderm of the wall of the archenteron, and. 
pomes to lie between the latter and the medullary groove. Laterally certain 
bells of the endoderm divide to give rise to a pair of longitudinal strands of 
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cells — the rudiments of the mesoderm (Fig. 30, mes.). During this process 
of mesoderm-formation, there areno diverticula developed from the archenteron. 

The embryo (Fig. 30, B) now becomes pear-shaped, the narrow part being 
the rudiment of the future tail. As this narrow portion elongates, the part 
of the enteric cavity which it contains soon disappears, coming to be repre- 
sented only by a strand of endoderm cells, which gives rise in the middle to 
the extension backwards of the notochord, laterally to the mesoderm of the 
tail, and ventrally to a cord of endoderm cells continuous with the wall of 
the enteric cavity in front. 

The caudal region increases in length rapidly, and the anterior or trunk 
region, at first round, becomes oval. At its anterior end there appear three 
processes of the ectoderm, the rudiments of the adhesive papiU(s (Fig. 31, 
adh.), organs by which the larva subsequently becomes Hxect The ectoderm 
cells at an early stage secrete the rudiments of the cellulose test ; in the caudal 
region this forms longitudinal dorsal and ventral flaps having the function of 
unpaired fins. 

The medullary canal becomes enlarged at its anterior end. A vesicular 
outgrowth from this enlarged anterior portion forms the sense^yesicle (sens. yes.). 
The posterior narrow part forms the caudal portion of the central nervous 
system (spinal cord). Masses of pigment in relation to the sense- vesicle early 
form the rudiment of the two larval sense-organs, otocyst ^or statocyst) and 
ej^e. The part behind this presents a thickened wall with a narrow lumen. 
This is known as the ganglion of the trunk. The rudiment of the neural gland 
early appears on the ventral wall of a* ciliated diverticulum (oil. gr.) of the 
anterior end of the archenteron (future pharynx), which subsequently unites 
with an outgrowth from the medullary canal. 

The embryonic alimentary canal consists of two regions, a wide .re^jon 
situated altogether in front of the notochord, and a narrower portion situated 
behind in the regipn-olthe notochord. The wider anterior part givesjrise to 
the pharynx, the posterior part to the oesophagus, stomach, and intestine. The 
mouth-opening, is formed shortly^ .before the escape of the embryo from the 
egg ; an ectodermal^yagination is formed at the ^terior end, and an endo- 
dermal diverticulum from the archenterpo. grows out to meet it; the two 
coalesce, and the oral passage is thus formed. 

The rudiments-nfThe. heart and' pericardial cavity first appear as a hollow 
outgrowth from the archenteron : this subsequently becomes con.stricted off 
and involuted to form a double-walled sac, the inner layer of which forms the 
wall of the heart, while the outer gives rise to the wall of the pericardium. 

The first beginnings of the atrial cavity a p pe ar as a pair of inv agin ations 
of the ectoderm which gr ow inwards and form a pair of pouches, each opening 
on the exterior by an aperture. There is a diffWence of opinion as to; soinfe 
points in the history of the^ atrial pouches, and it remains uncertain to what 
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extent the ectoderm and endoderm respectively share in the formation of the 
atrial cavity. Eventually spaces, into the formation of which the two ecto- 
dermal diverticula at least largely enter, grow round the pharynx and give 
rise to the atria l cavity; and perforations, the stigmata, primarily two in 
number, place the cavity of the pharynx in communication with the sur- 
rounding space. The two openings of the atrial pouches subsequently coalesce 
to form one — the permanent „atrial aperture. 

It will be useful now, at the cost of a little repetition, to summarise the 
various characteristics of the larval Ascidian at the stage when it escapes from 
the egg and becomes free-swimming (Fig. 31). In general shape it bears 
some resemblance to a minute tadpole, consisting of an oval trunk and a long 
laterally-compressed tail. The tail is fringed with a caudal fin, which is merely 
a delicate outgrowth of the thin test covering the whole of the surface ; run- 
ning through the delicate fringe is a series of striae, presenting somewhat the 



Fig. 31. — Free-swimming larva of Ascidia mammillata, lateral view. adh. adhesive papillae ; 
ali. alimentary canal ; air. atrial aperture ; ciL gr. ciliated diverticulum, becoming ciliated funnel ; 
end. endostyle ; eye, eye ; med. nerve-cord (ganglion of trunk) ; nolo, notochord ; oto. otocyst : 
sens. ves. sense-vesicle ; stig. earliest stigmata. (From Korschelt and Heider, after Kowalewsky.) 

appearance of the fin-rays of a Fish’s fin. In the axis of the tail is thejioto- 
chprd {noto.), which at this stage consists of a cylindrical cord of gelatinous 
substance enclosed in a layer of cells. Parallel with this runs, on the dorsal 
side, the narrow caudal portion of the nerve-cord, and at the sides are bands 
of muscular fibres. In the trunk the nerve-cord is dilated to form the ganglion 
of the trunk, and, further forwards, expands into the sense-vesicle [sens, ves.) 
with the otocyst or statocyst {oto.) and eye {eye). A prolongation of it unites, 
as already stated, vnlh the cpated diverticulum from the anterior part of tte 
p haryn x. From th e wal ls of this at a later stage are developed, on the dorsal 
side, the gangUp]:i,'’'.and, on the ventrad, the neural gland the pharyngeal 
opening {cil. gr.) becomes the ciliated.funnel. The enteric canal is distinguish- 
able into phar3mx, oesophagus, stomach, and intestine. The phar5mx opens 
on the exterior by the mouth : in its ventral floor the endostyle {md.) has 
become developed.; its walls are pierced by stigmata, the number of which 
van^. The atrial cavity has grown round the pharynx, and opens on the 
exterior by a single aperture oi^ The heart and peri cardi al cavity 

have been for med. In this tailed free-swimming stage the larva remains only 
voi.n. . D 
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a few hours ; it soon becomes fixed by the adhesive papillae and begins to 
undergo the retr oeressive tnetam or-l>hosis by which it attains the adult condition. 



Fig. 32. — Diagram of the metamorphosis of the free- tailed larva into the fixed Ascidian.' A, 
stage of free-swimming larva; B, larva recently fixed; C, older fixed stage, adh, adhesive 
papillae ; air, atrial cavity ; cil. gr. ciliated diverticulum, becoming ciliated funnel ; end, endostyle ; 
hi, heart ; med. ganglion of trunk ; n, gn, nerve-ganglion ; note, notochord ; or, oral aperture ; 
red. rectum ; sens, ves, sense-vesicle ; stig, stigmata ; siol, stolon ; t, tail. (From Korscnelt and 
Heider, after Seeliger.) 

The chief changes involved in the retrogressive raet^orphpsis (Fig. 32 
are the increase in the number of pharyngeal stigmata, the diminution, and 
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'eventually the complete disappearance, of the tail with the contained notochord 
and caudal part of the nerve-cord, the disappearance of the eye and the ofoicyst, 
the dwindling of the central part of the nervous system to a single ganglion, 
and the formation of the reproductive organs. 'ITius, from an active free- 
swimming larva, with complex organs of special sense, and provided with a 
notochord and well-developed nervous system, there is a retrogression to 
the fixed inert adult, in which all the parts indicative of affinities with the 
Vertebrata have become aborted. J 

In some simple Ascidians, afm in the composite forms in which develop- 
ment takes place within the body of the parent, the metamorphosis may be 
considerably abbreviated, but there is always, so far as known, a tailed larva, 
except in the genus Anwiella of the Molgulidee — a family of the simple forms — 
in which the tailed stage is wanting and there is only ah obscure endodermal 
rudiment to represent the notochord. 



Fig. 33. — DolioloOl, late stage in the development of the tailed larva, atr. ap. atrial aper- 
fcure ; dors, st. cadophore ; end. endostyle; ht. heart; ne. gn. nerve-ganglicm ; noto. notochord; 
or. ap. oral aperture; vent. st. ventral stolon. (After Uljanin.) 

In Pyrosoma development is direct, without a tailed larval stage, and 
takes place within the body of the parent. The oyum contains a relatively 
large quantity of food-yolk, and the segmentation is meroblastic. A process, 
developed at an early stage, elongates to form the so-called s/o/om, which 
divides, by the formation of constrictions, into four parts, each destined to 
give rise to a zooid {teirazooid) ': The primary zooid {cyathozooid) undergoes 
atrophy, and at this stage the young colony, composed of four tetrazooids with 
the remains of the cyathozooid enclosing a mass of yolk — the whole invested 
in a common cellulose test — passes out from the brood-pouch in which it was 
developed and reaches tHe exterior through the cloaca of the parent colony. 
By a process of budding fjorn the four primary tetrazooids, the entire adult 
colony is produced. 

The development of Doliolum is, in tdl es sent ial respects, very like that of 
the^ simple Ascidians. ^ere is total segmentation, followed by the formation 
of an e mbolic ga strula'I^ the larva (Fig. 33) has a tail with a.jiotQchord .(«oto.), 
volT II. ■ n* 
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and!"a body in which the characteristic muscular bands soon make their appear- 
ance. This tailed Jarva becom es the asexual stage or /' n^^ By and by 
the tail aborts, and two precedes, one postero-dorsal, the other yentral, kno wn 
respectively as the cado^phQZ 0 (d ors, st.) and the ventral stolon invent, st.), grow out 
from the body of the larva. On the latter are formed a number of slight pro- 
jections or buds. These become constricted off, and in the form of little groups 
of cells, each consisting of seven strings of cells with an ectodermal invest- 
ment, creep over the surface of the parent (Fig. 34, e, and Fig. 35) till they 
reach the cadophore, to which th^ attach themselves after multiplying 
division. The cadophore soon becomes elongated, and the bud-like bodies 
attached to it develop into zooids. As the long chain of zooids thus established 
is further developed, the parent Doliolum (Fig. 34) loses its branchiae, its 



Fig. 3^. — Doliolum, lateral view of asexual stage, showing the early development of the buds. 
atr, ap. atrial aperture ; dors. st. cadophore ; e. embryos passing over the surface from the ventral 
stolon to the cadophore ; ht. heart ; ne. gn. nerve-ganglion ; or. ap. oral aperture ; vent. st. ventral 
stolon. (After Uljanin.) 


endostylfi, and its alimentary canal ; at the same time the muscle-bands increase 
in thickness and the nervous system attains a higher development, until the 
whole parent comes to^play a part like that of the nectocalyx of a Siphono- 
phore (Vol. I., Section IV), its exclusive function being to propel the coloijy 
through the water by its contractions. - 

The zboids-of the cadophore consist of two sets, differing from one another 
in position and in future history — ^the lateral zooids and the median zooids. 
The lateral zooids serve solely to carry on the noiuishment and respiratiorL^f. 
the colony, and do not undergo any further development. Some of the median 
buds, on the other hand, become detached and take on the special chameteF 
of pjwrozqoids. When free, each phorozooid carries with it the stalk by means 
of which it was attached to the stolon ; on this stalk there have previously 
become attached a number of buctflfwhich are destined after a time to' be 
developed into the sexual zooids. “ 

The succession of stages in the life-history of Doliolum thus briefly sketched 
will be seen to succeed one another in the following order : ( 1 ) sexual form ; 
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(2) tailed larva developed sexually from (i) ; (3) first asexual form or “ nurse," 
the direct outcome of (2) ,’■"(4) second asexual form (phorozooid) developed on 
the cadophore pf (3) from buds originating on the ventral stolon ; (5) the young 
of the sexual form (i) which are developed on the stalk of (4). ■ 

Salpa, also Doliolum, presents a remarkable alternation of generations. In 
the sexual form, which has already been described, only one ovum is developed. 



Fig. 35. — ^Doliolum, dorsal 
view of the posterior part of the 
body of an asexual zooid, show- 
ing the course taken by the buds 
{emb.) over the surface from the 
ventral stolon {vent, stol.) to the 
cadophore {dors, stol.) and their 
growth on the latter, lat. bds. 
lateral buds ; med. bds. median 
buds ; peric. pericardium. (After 
Barrois.) 


The testis becomes mature later than the 
ovum, and the latter is impregnated by 
sperms from the testis of an individual of 
an older chain. The development is direct 
and takes place within the body of the 
parent, the embryo as it grows projecting 
into the branchial cavity. The nourish- 
ment of the developing embryo (Fig. 36) is 
effected by the formation of a structure — 



Fig. 36. — Late stage in the development of 
Salpa, showing the placental connection with the 
parent, atr. ap. atrial aperture ; br. branchia ; 
cil. gr. ciliated groove ; ebl. elaeoblast (mass of 
tissue probably representing a vestige of the tail) ; 
end. endostyle ; n. gn. nerve-ganglioil ; css. 
oesophagus; or. ap. oral aperture; peric. peri- 
cardium ; pt. placenta ; rect. rectum ; stol. stolon ; 
stom. stomach. (From Korschelt and Heider, 
after Salensky.) 


the placenta — through which a close union is brought about between the vascular 
system of the parent and that of the embryo. The placenta of Salpa is partly 
formed from follicle-cells and ectoderm-cells of the embryo, partly from the cells 
of the wall of the oviduct. Segmentation is complete. The study of the earlier 
stages is complicated by the very remarkable and unusual circumstance that 
during segmentation there is a migration inwards of some of the cells of the 
follicle and of the wall of the oviduct, which enter the segmenting ovum and 
pass among the blastomeres. There is uncertainty as to what part these 
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inwardly migrating cells play in the development of the embryo ; but probably 
they act merely as carriers of nourishment, and become broken up and 
eventually completely absorbed. 

There is no tailed larval stage, and the embryo develops the muscle-bands 
and all the characteristic parts of the adult while still enclosed within the 
body of the parent and nourished by means of the placenta. This sexually- 
developed embryo, however, does not give rise to a form exactly like the parent, 
but to one which differs from the latter in certain less important features and 
notably in the absence of reproductive organs. The sexually formed embryo, 
in other words, gives rise to an asexual generation, which escapes to the exterior 
and becomes free-swimming (Fig. 34). After a time there is developed a 
process or stolon (stol.), on the surface of which are formed a number of bud- 
like projections. These increase in size as the stolon elongates, and each 
eventually assumes the form of a sexual Salpa. The chain of zooids formed 
on the stolon breaks off in lengths which swim about intact while reproductive 
organs develop in the individuals. 

Distribution, etc. — The pelagic forms are, as is the case with most pelagic 
organisms, of very wide distribution, and none of the genera is confined to 
particular oceanic areas. The fixed forms, both simple and composite, are also 
of world-wide distribution ; they are much more abundant in the southern 
hemisphere than in the northern — the composite forms attaining their maximum 
in the South Pacific area. The depth to which the pelagic forms extend has 
not been determined. Fixed forms occur at all depths, but are much more 
numerous in shallow water than in deep, and at great depths are comparatively 
poorly represented, the simple forms extending to a greater depth than the 
composite. Several genera of pedunculated simple Ascidians seem to be 
confined to very great depths. 

Though placed so high in the animal series, the Urochorda exhibit very low 
functional development. This is chiefly connected with the sessile condition 
of most of them. The movements performed by a fixed Ascidian are slow and 
very limited in character, being confined to contractions of the mantle ; when 
the animal is detached, such contractions may sometimes be observed to result 
in a slow creeping locomotion. Even in the free forms the movements are 
limited to the contractions, of the tail muscles in Appendkularia, of the muscle- 
bands of the body-wall in Doliolum, by which swimming is effected. The mode 
of obtaining food resembles that which has already been described in the case 
of the Pelecypoda (Vol. I., Section IX), the currents which subserve respiration 
also bringing in microscopic organic particles to the mouth. 

AflBnities. — ^That the Urochorda are degenerate descendants of primitive 
Chordates admits of little doubt; the history of the development of the 
Ascidians, taken in connection with the occurrence of permanently chordate 
members of the group (Appendicularia and its allies), is quite suffident to 
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point to this conclusion. But the degree of degeneration which the class has 
undergone — the point on the line of development of the higher Chordata from 
which it diverged — ^is open to question. According to one view the Urochorda 
are all extremely degenerate, and have descended from ancestors which had 
all the leading features of the Craniata ; according to another, the ancestors 
of the class were much lower than any existing Craniate — lower in the scale 
than even Amphioxus — and had not yet acquired the distinctive higher 
characteristics of the Craniates. The complete want of segmentation and the 
virtual absence of a coelome seem to point in the latter direction : the presence 
in the larva of highly-developed central nervous system and sense-organs to 
the former. Appendicularia is hardly to be regarded as representing a primitive 
ancestral t5q)e ; its close resemblance to the larva of the sessile Ascidians rather 
seems to indicate that it is a persistent larval form — a form in which sexual 
maturity has been reached at earlier and earlier stages in the life-history, and 
in which the final sessile stage has at last been lost, the animal having become 
completely adapted to a pelagic life. Probably the other pelagic forms — 
Salpa, Doliolum, Pyrosoma — were alsg desrended fmm gpHpntary ancestors : 
n one of them show s any c haracter that can be interpreted as primitive. 

The nearest existing ally of the Urochorda among lower forms is probably 
Balanoglossus. The similarity in the character of the pharynx, or anterior 
segment of 'the enteric canal, perforated by branchial apertures, is alone 
sufficient to point to such a connection ; and further evidence is afforded by 
the occurrence of a “ notochord '' in both, and by the similarity in the develop- 
ment of the central part of the nervous system. But the notochord of the 
larval Ascidian, almost confined to a post-intestinal tail-region, differs very 
widely from the structure in Balanoglossus supposed to correspond to it, which 
is situated anteriorly and directed forwards ; moreover, the other differences 
are so great that the alliance cannot be a close one, and Balanoglossus and its 
allies can only be looked upon as very remotely connected with the stock from 
which the Urochorda are descended. 


SUB>PHYLUM III AND CLASS— ACRANIA. 

We have seen that the fundamental characters of the Chordata are the 
presence of a notochord, of a dorsal, hollow, nervous system, and of a pharynx 
perforated by apertures or gill-slits. In none of the lower Chordata, however, 
are these structures foimd in a typical condition, at least in the adult. In 
Balanoglossus, Cephalodiscus, and Rhabdopleura the' " notochord ” is rudi- 
mentary, and in nearly all '^ni^tajt is present only in the embryo. In 
Rhabdopleura the gill-slits kre absent, and in that genus as well as in Cephalo- 
discus and the adult Tunicata the nervous sjrstem is represented by a single 
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solid nerve-centre or ganglion, the neuroccele being absent. In Balanoglossus, 
moreover, there is a ventral as well as a dorsal nerve-cord, and it is only in the 
anterior portion of the latter that the ^europoete is represented. 

In higher Chordates, on the other hand, what have been called the three 
fundamental chordate peculiarities are fully and clearly developed. There 
is always a distinct notochord extending as a longitudinal axis throughout the 
greater part of the elongated body,, and either persisting throughout life, or 
giving place to an articulated vertebral column or backbone. The central 
nervous system remains throughout hfe in the form of a dorsal nerve-tube 
or neuron containing a longitudinal canal or neuroccele, and the pharynx is 
always perforated, either throughout life or in the embryonic condition, by 
paired branchial apertures or gill-slits. In addition to these characters, the 
mouth is ventral and anterior, the anus ventral and posterior ; the muscular 
layer of the body-wall is primarily segmented, and the renal organs arise as a 
series of paired tubules which may represent either nephridia or ccelomoducts. 
Moreover, there is always an important digestive gland, the liver, developed 
as a hollow outpushing of the gut, and distinguished by the fact that the blood 
from the alimentary canal circulates through it before passing into the general 
current, thus giving rise to what is called the hepatic portal system of blood- 
vessels. 

These higher Chordates comprise sections of very unequal extent, wz., 
the sub-phyla , 4 £ra 2 i§:. Agnatha, and Gnathostomata. 

The section Acrania includes only two families, the Branchiostomidcs — 
containing the genera Branchiostoma (usually known by the name of one of its 
sub-genera, Amphioxus), Epigonichthys, and perhaps some others; and the 
Amphioxididce — containing the pelagic genus Amphioxides, which, however, 
may not be an adult form. The differences between the genera and species of 
Branchiostomidae are comparatively insignificant, and the following description 
will deal exclusively with the best known and most thoroughly investigated 
species, the Lancelet, Amphioxus lanceolatus, found in the English Channel, 
the North Sea, and the Mediterranean. 

Amphioxus is a small transparent animal, occurring near the shore and 
burrowing in sand ; its length does not exceed 5*8 cm., or less than two inches. 
Its form will be obvious from Fig. 37 and from the transverse sections. Fig. 38, 
A and B. The body is elongated, pointed at either end, and compressed. 
The anterior two-thirds is roughly triangular in transverse section, presenting 
right and left sides, inclined towards one another above, and a convex venbal 
surface. The posterior third is nearly oval in section, the right and left sides 
meeting above and below 4 n a somewhat sharp edge. 

Extending along the whole of the dorsal border is a median longitudinal 
fold, the do^al ^n {dors. /.) : this is continued rotmd the posterior end of 
body and extends forwards, as the ventral fin {vent. /.), as far as the regksn 
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where the oval transverse section passes into the triangular. The portion 
of the continuous median fold which extends round the pointed posterior 




Fig. 37. — Amphiozus lanceolatus. A, ventral, B, side view of the entire animal, an. anus. 
atrp. atriopore ; cd. f. caudal fin ; cir. cirri ; dors. /. dorsal fin ; dors. f. r. dorsal fin -rays ; gon. 
gonads ; mtpl. metapleure ; myom. myomeres ; nch. notochord ; or. hd. oral hood ; vent. f. 
ventral fin ; vent. f. r, ventral fin-rays. (After Kirkaldy.) 


extremity of the body is somewhat wider than the rest, and may be distinguished 
as the caudal fin {cd,f.). In the anterior two-thirds of the body there is no 
median ventral fin, but at the junction of each lateral with the ventral surface 



Fig. $8. — Amphiozus lauoeolatus* A» transverse section of the pharyngeal region, a. 
dorsal aorta; h. atrium; c, notochord; co, coelome; e. endostyle; g. gonad; kb. branchial 
lamellae; kd, pharynx; I, liver; my. myomere; n. nephridium; r. neuron; sn. spinal nerves; 
B, transverse section of the intestinal region, atr. atrium ; coel. coelome ; d. ao. dorsal aorta. 
int. intestine; myom. myomere; nch. notochord; neu. neuron; s. int. v. sub-intestinal vein. 
(A, from Hertwig, after Lankester and Boveri; B, partly after Rolph.) 

is a paired longitudinal fold, the meiaNeure {mtpl.), which extends forwards 

to the oral hood mentioned in the next paragraph. 

Below the pointed anterior extremity is a large median aperture surrounded 
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by a frill-like membrane, the oral hood {or. hd.), the edgp of which is beset with 
numerous tentacles or cirri {cir.). The oral hood encloses a cup-shaped cavity 
or vestibule, at the bottom of which is ih&mouik (Fig. 39, mth.). On the wall 
of the oral hood is a specially modified tract of the epithelium divided into 
finger-shaped lobes. The cells of this tract, which is known as the wheel- 
organ, are provided with long cilia, the movements of which drive currents of 
water with floating food-particles backwards into the phar3mx. Along the roof 
of the vestibule run s a ciliated-groove — the groove of Hatschek . Immediately 
in front of the anterior termination of the ventral fin and partly enclosed by 
the metapleures is a rounded aperture of considerable size, the atri o-pore {atrp.), 
and a short distance from the posterior extremity of the body is the anus {an.), 
placed unsymmetrically on the left side of the ventral fin. The post-anal 
portion of the body is distinguished as the tail. 

Amphioxus ordinarily lives with the greater part of the body buried in 
sand, only the einterior end with the expanded oral hood protruding. It also 
swims in th^ vertical position, and frequently lies on one side on the sand : it 
burrow;s, head foremost, with great rapidity. A current of water is constantly 
passing in at the mouth and out at the atriopore. 

Body-walL — ^The body is covered with an epidermis (Fig. 38) formed of a 
single layer of columnar epithelial cells, some of which are provided with 
sensory hairs, while some are unicellular glands. On the surface of the epidermis 
is a cuticle perforated by pores. The epithelium of the buccal cirri presents at 
intervals regular groups of sensory cells, some of them bearing stiff sensory 
hairs, others cilia. Beneath the epidermis is the dermis, formed mainly of soft 
connective-tissue 

The muscular layer {my., myom.) is remarkable for exhibiting metameric 
segmentation. It consists of a large number — ^about sixty — of muscle-segments 
or myomeres, separated from one another by partitions of dense connective- 
tissue, the mvocommas. and having the appearance, in a surface view, of a series 
of very open V’s with their apices directed forwards ^Figs. 37 and 39). Each 
myomere is composed of numerous flat, striated muscle-plates, arranged longi- 
tudinally, so that each is attached to two successive myocommas. In virtue 
of this arrangement the body can be bent from side to side with great rapidity. 
The myomeres of the right and left sides of the body are not opposite to one 
another, but have an alternate arrangement. A special set of transverse muscles 
(Fig. 38, A) extends across the ventral surface of the anterior two-thirds 
of the body, Isdng in the floor of the atrial cavity presently to be described. 

One striking and characteristic feature of the musctflar layer of the body- 
wall is the immense thickness of its dorsal portion. In the higher Worms 
and many other Invertebrates the muscles form a layer of approximately 
equal thickness surrounding the body-cavity; which contains, amongst other 
organs, the central nervous system. In Vertebrates, on the other hand, the 
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dorsal body-wall is greatly thickened, and in it are contained both the nervous 
system and the notochord. 

Skeleton.— -The chief of the skeletal or supporting structures of the Lancelet 
is the notochord (Figs. 38 and 39, c., nch.), a cylindrical rod, pointed at both 
ends, and extending from the anterior to the posterior end of the body in the 
median plane. It lies immediately above the enteric tract and between the 
right and left myomeres. It is composed of a peculiar form of cellular tissue 
known as notochordal tissue, formed of large vacuolated cells extending from 
side to side of the notochord, and having the nuclei confined to its dorsal and 
ventral regions. Around these cells is a structureless layer, secreted by the 
cells, enclosed in a notochordal sheath of connective-tissue, which is produced 
dorsally into an investment for the canal enclosing the central nervous system. 
The notochord, like the parenchyma of plants, owes its resistant character 
to the vacuoles of its component cells being tensely filled with fluid, a condition 
of turgescence being thus produced. 

The oral hood is supported by a ring (Fig. 39, sk.) of cartilaginous consis- 
tency, made up of separate rod-like pieces arranged end to end, and correspond- 
ing in number with the cirri. Each piece sends an offshoot into the cirrus to 
which it is related, furnishing it with a skeletal axis. 

The pharynx is supported by delicate oblique rods of a firm material, 
apparently composed of agglutinated elastic fibres, the gill-rods {br. r.). These 
will be most conveniently discussed in connection with the pharynx itself. 
The dorsal fin is supported by a single series and the ventral fin by a double 
series of fin-rays {dors.f. r., vent.f. r.), short rods of connective-tissue, continuous 
with the investment of the neural canal and separated from one another by 
small cavities (lymph-spaces). 

Digestive and Respiratory Organs. — The mouth (mth.), as already mentioned, 
lies at the bottom of the vestibule or cavity of the oral hood (or. ltd.). It is a 
small circular aperture surrounded by a membrane, the velum (vl.), which acts 
as a sphincter, and has its free edge produced into a number of velar tentacles 
(vl. t .). . 

The mouth leads into the largest section of the enteric canal, the pharynx 
(ph.), a high, compressed chamber extending through the anterior half of the 
body. Its walls are perforated by more than a hundred pairs of narrow oblique 
clefts, the gill-slits or branchial apertures (br. cl.), which place the cavity of the 
pharynx in communication with the atrium (see below). From the posterior 
end of the ffliarjmx goes off the tubular intestine (int.), which extends backwards 
almost in a straight line to the anus. 

On the ventral wall of the pharynx is a longitudinal groove, the endostyle 
(Fig. 38, A, e.), lined by ciliated epithelium containing groups of gland-cells 
Like the homologous organ in Asddia (p. 15), the glands secrete a cord of mucus 
in which food-particles are entangled and carried by the action of the cilia to 
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of the epithelial lining of the atrium, and 
is supported towards its outer edge by 


the intestine. A somewhat similar 
structure, the ^J^im^x^ryngeal groove, 
extends along the dorsal aspect of 
the pharynx : its sides are formed by 
ciliated cells, which, at the anterior 
end of the groove, curve downwards, 
as Sawrfs, and join 

the anterior end of the endogtyle. 

From the ventral region of the 
anterior end of the intestine is given 
off a blind pouch, the liver {Ir,) or 
hepatic ccecum, which extends for- 
wards to the right of the pharynx : 
it is lined with glandular epithelium 
and secretes a digestive fluid. 

The gill-slits (br. cL) are long 
narrow clefts, nearly vertical in the 
expanded condition, but very oblique 
in preserved and contracted speci- 
mens — hence the fact that a- large 
number of clefts always appear in a 
single transverse section (Fig. 38, A, 
kb.). The clefts are more numerous 
than the myomeres in the adult, but 
correspond in number with them in 
the larva: hence they are funda- 
mentally metameric, but undergo 
an increase in number as growth 
proceeds. 

The branchial lamellce (Fig. 39, 
br. sep., Fig. 38, A, kb.), or portions 
of the pharyngeal wall separating 
the clefts from one another, are 
covered by an epithelium which is 
for the most part endodenhal in 
origin, and is composed of greatty 
elongated and ciliated cells. On the 
outer face of each lamella, however, 
the cells are shorter and not ciliated, 
and are, as a matter of fact, portions 
of ectodermal origin. Each lamella 
one of the branchial rods (Fig. 39, 
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br. r.) already referred to. These are narrow bars united with one another 
dorsally by loops, but ending below in free extremities which are alternately 
simple and forked. The forked bars are the primary {fir. r. i), those with simple 
ends the secondary {br. r. 2) branchial rods, and the lamellae in which they are 
contained are similarly to be distinguished as primary lamellee {fir. sep. i) anH 
secondary or tongue-lamella {br. sep. 2). In the young condition the two clefts 
between any two primary lamellae au’e represented by a single aperture : as 
development proceeds a downgrowth takes place from the dorsal edge of the 
aperture, forming, as in Balanoglossus (p. 4), a tongue which extends down- 
wards, dividing the original cleft into two, and itself becoming a secondairy 
lamella. A further complication is produced by the formation of transverse 
branchial junctions or synapticulce, supported by rods connecting the primary 
septa with one another at tolerably regular intervads. 

The Atrium. — ^The gill-clefts lead into a wide chamber occupying most 
of the space between the body-wall and the phar3mx, and called the atrium 
(Figs. 38, B, and 39, atr). It is crescentic in section, surrounding the veiltral 
and lateral regions of the pharynx, but not its dorsal portion. It ends blindly 
in front ; opens externally, behind the level of the pharynx, by the atriopore 
{atrp'.) ; and is continued backwards by a blind, pouch-like extension {atr.) 
l5dng to the right of the intestine (Fig. 38, B, atr.). The whole cavity is lined 
by an atrial epithelium of ectodermal origin. As in Ascidia, the cilia lining 
the gill-clefts produce a current setting in at the mouth, entering the pharynx, 
passing thence by the gill-slits into the atrium, and out at the atriopore. The 
current, as in Tunicata and Balanoglossus, is both a respiratory and a food 
current, the emimal feeding passively on the minute organisms in the surrounding 
water. 

Coelome. — Owing to the immense size of the atrium, the body-cavity, 
which is a true coelome, is much reduced. It is represented, in the pharyngeal 
region, by paired cavities (Fig. 38, Fig. 39, ccel., A, co.. Fig. 40, sc.) lying one 
on either side of the dorsal region of the phar3mx above the atrium, and 
connected by narrow canals in the primary branchial lamellae (Fig. 40, right 
side) with a median longitudinal space below the endostyle {ec.). In the 
intestinal region it entirely surrounds the intestine, but is much reduced on 
the right side, being displaced by the backward extension of the atrium (Fig. 
38, B, atr., Fig. 39, atr^.) ; on the left side a forward extension of it surrounds 
the liver (Fig. 38, A,l.). Separate cavities lie in the metapleures. The whole 
series of spaces is lined by coelomic epithelium. 

Blood'^System. — The blood-vessels of Amphioxus are all of one kind, but, 
owing to certain undoubted homologies with the more complex vessels of the 
Craniata (see below), some of them receive the name of arteries, others of 
veins. 

Ljnng in the ventral wall of the pharynx, below the endostyle, is a median 
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longitudinal vessel, the ventral aorta (Fig. 40, si.. Fig. 41, v. ao .) ; it is con- 
tractile, and drives the blood forwards. From it are given off, on each side, lateral 
branches, the afferent branchial arteries (Fig. 40, k . ; Fig. 41, af. hr. a.), with 



Fig. 40,— Amphioxus lanceolatns. Diagrammatic transverse section of the pharyngeal region, 
passing on the right through a primary, on the left through a secondary branchial lamella. 
ao» dorsal aorta; c, derm; ec, endostylar portion of coelome; /. fascia or investing layer of 
myomere; /A. compartment containing fin-ray; g. gonad; gl. glomerulus (modified part of 
branchial artery in relation to nephridium) ; k. branch!^ artery ; kd, pharynx ; Id, combined atrial 
and coelomic wall (ligamentum denticulatum) ; m. myomere; mt, transverse muscle; n, 
nephridium ; of. metapleural lymph-space ; p. atrium ; sc. coelome ; si. ventral aorta ; sk. sheath 
of notochord and neuron ; uf. spaces in ventral wall. (From Korschelt and Heider, after Boveri 
and Hatschek.) 

small contractile dilatations at their bases, which pass up the primary branchial 
lameUse and communicate by cross-branches with similar vessels' {af. hr. a^:) 
in the secondary or tongue-lamell®. The blood is exposed, wliile traversing 
these vessels, to the aSrating influence of the respiratory current, and leaves 
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the branchial lamellae dorsally by efferent branchial arteries {ef. hr. a.), which 
open on each side into paired longitudinal vessels, the right and left dorsal 
aortce {d. ao.), lying one on either side of the epipharyngeal groove. Anteriorly 
both dorsal aortae are continued forwards to. the region of the snout, the 
right being much dilated ; posteriorly they unite with, one another, behind 
the level of the pharynx, into an unpaired dorsal aorta {d. ao'.), which extends 
backwards in the middle line, immediately belpw the notochord amd above 
the intestine. ^ 

The unpaired dorsal aorta sends off branches to the intestine, in the walls 
of which they break up to form a network of microscopic vessels or capillaries 
{cp.). From these the blood is collected and poured into a median longitudinal 
vessel, the sub-intestinal vein (Figs. 38, B, and 41, s. int. v.), l5dng beneath 
the intestine : in this trunk the blood flows forwards, and, at the origin of the 
liver, passes insensibly into a hepatic portal vein {pep. port, v.), which extends 



Fig. 41. — Diagram of the vascular system of Amphiozus. af. hr, a. afferent branchial 
arteries ; hr. cl. branchial cleft ; cp. intestinal capillaries ; d. ao. paired dorsal aortae ; d. ao\ 
medihn dorsal aorta ; e.f hr. a. efferent branchial arteries ; hep. port. v. hepatic portal vein ; hep. 
V. hepatic vein; int. intestine; Ir. liver; ph. pharynx; s. int. v. sub-intestinal vein; v. ao. 
ventral aorta. 

along the ventral side of the liver and breaks up into capillaries in that organ. 
From the liver the blood makes its way into a hepatic vein {hep. v.), which 
extends along the dorsal aspect of the digestive gland, and, turning downwards 
and forwards, joins the posterior end of the ventral aorta. 

It will be seen that the vascular system of Amphioxus consists essentially 
of {a) a dorsal vessel represented by the paired and unpaired dorsal aortae, 
(6) a ventral vessel represented by the subintestinal vein and the ventral aorta, 
and (c) commissural vessels represented by the afferent and efferent branchial 
arteries and the intestinal capillaries. So far the resemblance to the vascular 
system of Annulata is tolerably close ; but two important differences are to 
be noted. The blood in the ventral vessel travels forwards, that in the dorsal 
vessel backwards — the precise opposite of what occurs in worms — and the 
ventral vessel is broken up, as it were, into two parts, by the interposition 
in its course of the capillaries of the liver, so that all the blood from the in- 
testine has to pass through that organ before reaching the ventral aorta. This 
passage of the intestinal blood through the vessels of the liver constitutes 
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what is called the hepatic portal system, and is eminently characteristic of 
Vertebrata. 

The blood is almost colomrless, with a few red corpuscles, and appears to 
contain no leucocytes. It is not confined to the true blood-vessels just de- 
scribed, but occurs also in certain cavities or lymph-spaces, the most important 
of which are the cavities in the dorsal and ventral fins containing the fin-rays 

(Fig. 40, //[.), and paired canals 
in the metapleures {of.). 

Excretory Organs. — The prin- 
cipal organs of excretion are 
about ninety pairs of peculiarly 
modified nephridia (Fig. 39, neph ) . 
situated above the pharynx and 
in relation with the main ccelomic 
cavities. Each nephridium (Fig. 
42) is a bent tube consisting of an 
anterior vertical and a posterior 
horizontal limb. The vertical 
limb terminates in a large group 
of solenocytes (Vol. I., Section 
VII), and there are several 
smaller groups on the horizontal 
limb. The organ thus closely 
corresponds to the type of 
nephridium with closed inner 
end bearing solenoc3des already 
described as occurring in certain 
of the Polychaeta. On the ventral 
surface of the horizontal' Umb, 
opposite a secondary branchial 
lamella, is a single aperture bearing long cilia and opening into the atrium : 
this corresponds with the nephridiopore or external aperture of the typical 
nephridium. 

An excretory function has also been assigned to a single pair of organs 
railed the brown funnels (Fig. 39, br. /.), also situated on the dorsal aspect 
of the pharynx at its posterior end. Their wide backwardly-directed ends 
open into the atrium ; their narrow anterior ends probably communicate with 
the coelome. There are also groups of columnar excretory cells on the floor 
of the atrium. 

.Nervous System. — ^The central nervous system is a rod-like or|^, the 
neuron or dorsal nerve-tube (Fig. 38, A, n . ; B, neu., Figs. 39, 41), contained 
within and completely filling a median longitudinal neural canal which lies 



Fig. 42. — ^Amphioxus lanceolatus. Nephridium 
of the left side with part of the wall of the pharynx. 
(From Willey, after Boveri.) 
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immediately above the notochord. It is roughly triangular in transverse 
section : anteriorly it ends abruptly, some distance behind the anterior end 
of the notochord, while posteriorly it tapers to a point over the hinder end 
of the latter. It is traversed by an axial cavity, the neurocode (Fig. 39, 
cent, c.), connected with the mid-dorsal region by a longitudinal cleft — the 
dorsal fissure. At the fore-end of the nerve-tube the neuroccele becomes 
dilated, forming a considerable cavity, the encephaloccele or cerebral ventricle 
(Fig. 32, en. coe., Fig. 43, c.v.), and a little behind this the dorsal fissure 
widens out above to form a trough-like dorsal dilatation {dil.) covered only by 
the delicate connective-tissue sheath which invests the whole nerve-tube. 



Fig. 43, — Amphioxos lanceolatus. A, brain and cerebral nerves of a young specimen; B, 
transverse section through neuropore ; C, behind cerebral ventricle ; D, through dorsal dilatation. 
ch. notochord ; c. v. cerebral ventricle ; dil. dorsal dilatation ; e. eye-spot ; np, neurot)ore ; olf. 
olfactory pit; /, 7/, cerebral nerves. (From Willey, after Hatschek.) 

The anterior end of the neuron, containing these two cavities, is to be looked 
upon as the brain, although not distinguishable externally from the remaining 
portion or spinal cord. 

The anterior and dorsal region of the brain is produced into a small, hollow, 
pointed pouch which comes into relation with the olfactory organ and is called 
the median olfactory lobe. In its posterior and ventral region a depression has 
been described which appears to correspond with the infundibulum of the 
Craniata {vide, p. 99). In the young animal the cerebral ventricle opens 
above by an aperture, the neuropore (Fig. 43, B, np.), which subsequently 
closes up. 

The neuron is mainly composed of longitudinal nerve-fibres with abundant 
voi,. w. E 
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nerve-cells mostly grouped around the neuroccele. At intervals giant nerve- 
cells occur — multipolar cells of immense proportional size, connected with 
nerve-fibres of unusual thickness — the giant fibres. The latter appear to 
correspond with the giant fibres of Chaetopods (Vol. I., Section VII), which 
have sometimes been supposed to have no nervous function and to be mere 
supporting structures. 

The peripheral nervous system consists of the nerves given off from the 
neuron. They are divisible into two sets, the first consisting of two pairs of 
cerebral nerves (Fig. 43, 7. and II.) arising from the brain, 
the second of a large number of spinal nerves arising from 
the spinal cord. The cerebral nerves take their origin in 
front of the first myomere, the first from the anterior 
extremity of the brain, the second from its dorsal region : 
they are both distributed to the snout, their branches being 
provided towards their extremities with numerous ganglia 
containing nerve-cells. The spinal nerves are segmentally 
arranged, and, in correspondence with the disposition of the 
myomeres, those of the right and left sides arise alternately, 
and not opposite one another (Fig. 44). In each segment 
there are two nerves on each side, a dorsal nerve, arising by 
a single root from the dorsal aspect of the spinal cord, and 
a ventral nerve, arising by numerous separate fibres : the 
dorsal nerves supply the skin and the transverse muscles 
and are therefore both sensory and motor, the ventral nerves 
are purely motor, supplying the myomeres. 

Sensory Organs. — ^At the level of the anterior end of the 
brain is a narrow ciliated depression, the olfactory pit (Fig. 
43. olf.), opening externally on the left side of the snout and 
connected at its lower end with the median olfactory lobe. 
This structure is supposed to be an organ of smell : in the 
laxva its cavUy is in duTect communication with the ncurocoele 
through the neuropore (np.). 

showing nerves. An unpaired pigment-spot {e.) in the front wall of the 
SchnSd^f**^’ brain is usually referred to as a median cerebral eye. There 
is no lens or other accessory apparatus, and experimental 
evidence seems to show that this so-called eye is not sensitive to light. Smaller 
eye-like organs with or without pigment occur in the spinal cord throughout 
the greater part of its length. There is no trace of auditory organs. The 
groove of Hatschek, on the roof of the buccal cavity, is supposed to have a 
sensory function, but this is very doubtful. Lastly, the sensory cells on the 
cirri of the mral hood give those organs an important tactile function. 

Reprodiietive Omans. — ^The sexes^ r e separa te, but there is no distinction . 
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apart from the organs of reproduction, between male and female. The gonads 
(Figs. 38, A, Fig. 39, gon., and 40, g.) are about twenty-six pairs of jp ouches 
arranged metamerically along the body-wall, and projecting into the atrium 
so as largely to fill up its cavity. The inner or mesial face of each pouch is 
covered by atrial epithelium pushed inwards by the growth of the gonads ; 
within this, and completely surrounding the reproductive organ, is a single 


B 



Fig. 45. — ^Amphioziu lanoeolatus. Segmentation of the oosperm. D, the four-celled stage 
(C) from above ; G, vertical section of H ; K, vertical section of the blastula stage /. (From 
Korschelt and Heider, after Hatschek.) 


layer of epithelium which is shown by development to be coelomic. Hence 
each gonad is surrounded by a closed.i»eionuc4ac. 

When ripe the inner walls of the gonadic pouches burst, and the ova or 
sperms make their way into the atrium and thence by the'atriopore to- the 
external water. The laid eggs are covered by a thin vitelline membrane, to 
which a second, inner peri-vitelline membrane is added, the substance of which 
is derived from droplets in the -protoplasm. 
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Development. — ^After maturation (Fig. 45, A) and impregnation, the 
membranes separate from the oosperm, leaving a wide space around the latter. 
Segmentation is complete, there being very little yolk ; it begins by a meridional 
cleft dividing the oosperm into two (B), and followed by a second cleft, also 
meridional, at right angles to the first (C, D). Next, an (approximately) 
equatorial cleavage takes place, the embryo coming to be formed of eight 
cells (E), of which the four belonging to the upper hemisphere, distinguished 
by the presence of the polar bodies, are smaller than the lower four. Apertures 
at the poles lead into a central cavity. Further meridional and latitudinal 
divisions take place, and the embryo becomes a blastula (I, K), enclosing a 
spacious blastocoele, and having the cells on its lower pole (megameres) larger 
than the rest (micromeres). The polar apertures disappear owing to the 
closer approximation of the cells. 

Invagination then takes place (Fig. 46, ^), occasioned by the rapid multi- 
plication of the micromeres; then the lower pole of the blastula becomes 



Fig. 46. — Amphioxns lanceolatos. Three stages in the formation of the gastrula. 
(From Korschelt and Heider, after Hatschek.) 


gradually pushed in imtil the whole lower hemisphere is in complete contact 
with the upper hemisphere and the blastocoele obliterated {B). The gastrula 
thus formed is at first basin-shaped, having a very wide blastopore, but its 
cavity (the archenteron) gradually deepens, and the blastopore is reduced 
to a comparatively narrow aperture (C), afterwards destined to form the anus. 
At the same time the aspects of the body are marked out ; the dorsal surface 
becomes flattened, the ventral convex ; the blastopore marks the posterior 
end and is distinctly dorsal in position. Cilia are developed from the ectoderm 
cells, and by their vibration cause the embryo to rotate wi thin its membrane. 

The ectoderm cells forming the median portion of the flattened dnr s al 
surface now become differentiated and sink below the rest, giving rise to the 
meduUary flate (Fig. 47, A, mp.). The ordinary ectoderm cells on each side 
of this plate rise up as a pair of longitudinal meduUary foldi {hb,), extend towards 
the middle line and unite {B, hb.), covering over the medullary plate. The 
latter bends upwards at the sides so as to become trough-like instead of flat 
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(C), and, its two sides coming in contact with one another above, the plate 
is converted into a tube, the neuron {D, «.), enclosing a central canal, the 
neurocoele, continued dorsally into a narrow cleft. , The medullary folds extepd 
behind the blastopore so that, when they unite, the latter aperture op«is into 
the neurocoele by a neurenteric canal (Fig. 48, A, cn.). Anteriorly the folds 
remain apart up to a late period, so that the neurocoele opens externally in 
front by a wide aperture, the neuropore (Figs. 48, 49, and 50, np.). 
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Fig. 47. — Amphiozos lanceolatus. Four stages in the development of the notochord, nervous 
system, and mesoderm, ak. ectoderm ; ch. notochord ; dh. cavity of archenteron ; hb, ridge of 
ectoderm growing over medullary plate ; ik, endodenn ; Ih. coelome ; mk, coelomic pouch ; mk^. 
parietal layer of mesoderm; mk*. visceral layer; mp. medullary plate; n. neuron; ns. proto- 
vertebra. (From Korschelt and Heider, after Hatschek.) 

While the central nervous system is thus being formed, the endodermal 
wall of the archenteron develops dorso-laterally a pair of longitudinal folds 
(• in Tig. 47, A and B), the cavities in which, continuous with the archenteron, 
are the beginnings of the enterocoelic system. Transverse folds which appear 
divide the longitudinal folds into segm;ents, wth the result that the archenteron 
comes to have appended to it dorso-lateraUy a paired series of offshoots, the 
enterocoelic or coelomic pouches (Fig. 47, mk), arranged metamerically. In 
this way segmentation is established, and it is at this period that the embryo 
ruptures its containing membrane and begins free existence. Before long 
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the ccelomic pouches separate from the archenteron and take on the form of a 
series of closed ccelomic sacs or somites (Fig. 47, C, D), lying between ectoderm 
and endoderm. From the walls of these sacs the mesoderm is derived : their 
cavities uniting becpme the coelome, which is therefore an enteroccele, like that 
of Sagitta and the Echinodermata. 

While the ccelomic sacs are in course of formation a median groove appears 
along the dorsal wall of the archenteron (Fig. 47, B, C, ch.) : it deepens, 
loses its tubular character, and becomes a solid rod, the notochord {D, ch.), 
lying immediately beneath the nerve-tube. The ordinary endoderm cells 
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Fig. 48. — ^Amphioxus lanceolatus. Embryo. A, from the side; B, in horizontal section. 
ak, ectoderm ; cn, neurenteric canal ; dk. archenteron ; ik, endoderm ; mk, mesodermal folds ; 
n. neural tube ; ud. archenteron ; us. first ccelomic pouch ; ush. ccelomic cavity ; V. anterior ; 
H. posterior end. (From Korschelt and Heider, after Hatschek.) 

soon unite beneath it and so shut it oS from the archenteron. It will be seen 
that the notochord, like the neuron, never exhibits any trace of segmentation. 
At its first formation it stops short of the anterior end of the archenteron : its 
final extension to the end of the snout is a subsequent process. 

The significance of these early stages in the development of Amphioxus has been 
variously regarded by different embryologists, and it is impossible to give here more than 
a statement of the ascertained facts, leaving the question of their interpretation, which 
can only be profitably discussed on the broadest basis, as a matter for more advanced 
study. Since, however, the gastrulation and mesoderm-formation in Amphioxus are, 
almost universally, made the starting-point in the process of interpreting the phenomena 
of early development in all Vertebrates, it may be desirable at the present stage to state 
that though in the foregoing account the cells which are invaginated are referred to 
throughout simply as endoderm, this view of their nature is not the only one that may 
reasonably be held. If the inner layer of the gastrula be composed of endoderm and of 
endoderm only, certain consequences necessarily follow : the notochord must be purely 
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endodermal in origin, and so must the whole of the mesoderm. This is the terminology 
which has been followed in the preceding pages. But it may be held that the process of 
invagination is not so simple, and that the inner layer of the resulting gastrula is made 
up of two distinct parts : a dorsal part, which is ectodermal, and a ventral part, which 
consists of endoderm. On this view the notochord and the mesoderm, derived from the 
dorsal part of the invaginated layer, would both be of ectodermal origin, and only the 
enteric epithelium would be endodermal. These points will be referred to again at a later 
stage. 

A further point about which there may be room for differences of opinion is the detailed 
development of the coelome. According to one view of the facts the coelome of Amphioxus 
may at one stage be compared to that of Balanoglossus (p. 7) : — ^with an unpaired anterior 
part, destined to form the head-coelome and representing the proboscis-cavity of Balano- 
glossus ; a middle pair of pouches which form the first pair of somites, and a pair of canal- 
like backward extensions, which may be compared to the collar-cavities ; and a posterior 
pair corresponding with the trunk-coelome of the Enteropneust — the last becoming divided 
up to form the coelomic s^s. 



Fig. 49. — ^Amphiozas lanoeolatus. A , young larva ; B, anterior end more highly magnified. 
c. provisional tail-fih ; ch. notochord ; cn. neurenteric canal ; d. enteric canal ; h. ccelome of head ; 
k. club-shaped gland ; k\ its external aperture ; ks. first gill-slit ; m. mouth ; mr. neuron ; n,p. 
neuropore ; sv, sub-intestinal vein ; w. pre-oral pit. (From Korschelt and Heider, after Hatschek.) 


New coelomic pouches are formed in regular order from before backwards, 
the embryo at the same time elongating and becoming laterally compressed 
and pointed fore and aft. At the anterior end the mouth (Fig. 49, m.) appears 
on the left side of the body as a small aperture, which soon increases greatly 
In size. On the ventral surface another small aperture, the first gill-slit (fis.), 
makes its appearance, and soon shifts over to the right side : it forms a direct 
communication between the pharynx and the exterior, like the stigmata of 
Appendicularia (p. 21) ; there is at present no trace of the atrium. 

The anterior end of the archenteron has meanwhile grown out into a pair 
of pouches, which become shut off as closed sacs ; of these the right gives rise 
to the coelome of the head (A.), the left to a depression called the f re-oral pit 
‘(ip.), which opens on the exterior and from which the groove of Hatschek 
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and the wheel-organ are afterwards formed. The 
pre-oral pit also gives rise to Hatsckek’s nephridium 
(Fig. 50, X.), a narrow ciliated tube which opens into 
the anterior part of the pharynx, and runs forwards 
to terminate blindly in the roof of the oral hood : 
it disappears completely in the adult except 
in Amphioxides, in which it is said to contain 
solenocytes. 

On the floor of the archenteron in the neighbour- 
hood of the mouth a depression appears giving rise 
to a structure known as the club-shaped gland (k.) , 
which may be a modified gill-cleft. Posteriorly 
the neurenteric canal closes and the anus appears. 

We left the mesoderm in the form of separate 
paired somites, arranged metamerically in the 
dorsal region of the embryo. These increase in 
size, and extend both upwards and downwards, 
each presenting a somatic layer (Fig. 47, D, mk.^) 
in contact with the external ectoderm, and a 
splanchnic layer (mk.^) in contact with the nervous 
system and notochord dorsally, and with the enteric 
canal ventrally. At about the level of the ventral 
surface of the notochord a horizontal partition is 
formed in each ccelomic sac (Fig. 47, D), separating 
it into a dorsal and ventral portion. The dorsal 
section is distinguished as the protovertebra or 
myotome (ns.), and its cavity as the myocoele or 
muscle-cavity : the ventral section is called the 
lateral plate or splanchnotome, and its cavity forms a 
segment of the coelome. 

The later plates now unite with one another in 
pairs below the enteric canal, their cavities becoming 
continuous : at the same time the cavities of suc- 
cessive lateral plates are placed in communication 
with one another by the absorption of their adja- 
cent (anterior and posterior) walls. In this way 
the cavities of the entire series of ventral plates, 
right and left, unite to form the single unsegmented 
ccelome of the adult, their walls giving rise to the 
coelomic epithelium. 

At the same time the cells of the splanchnic 
layer of the protovertebrse become converted into 
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muscular fibres, which nearly fill the myocoele, and give rise to the myomere : 
the myocommas arise from the adjacent anterior and posterior walls of the 
protovertebrae. An outpushing of the splanchnic layer, at about the level of 
the ventral surface of the notochord, grows upwards between the myomere 
externally and the notochord and nerve-tube internally : from the cells lining 
this pouch the connective-tissue sheath of the notochord and neural canal 
arises, and perhaps also the fin-rays. From the parietal layer of the pro- 
tovertebrae is formed the derm or connective-tissue layer of the skin. 

The larva increases in size, and becomes very long and narrow, with a 
pointed anterior end and a provisional caudal fin posteriorly (Fig. 50 , c). As 
growth proceeds, new segments are added behind those already formed, the 
notochord grows forwards to the anterior end of the snout, and the eye-spot 
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Fig. 51. — Amphioxns lanceolatiu. Ventral aspect of three larvae showing the development 
of the atrium, ap. atriopore ; k. gill-slits ; If. left metapleural fold ; m. mouth ; rf. right meta- 
pleural fold ; w. pre-oral pit. (From Korschelt and Heider, after Lankester and Willey.) 

{au.) and olfactory pit appear, the latter as an ectodermal pit which com- 
municates with the neurocoele by the still open neuropore, {np.). The mouth 
(w.) attains a relatively immense size, still remaining on the left side. 

Additional gill-slits arise behind the one already mentioned : they all make 
their appearance near the middle ventral line, and gradually shift over to the 
right side : at first they correspond with the myomeres, so that the segmenta- 
tion of the phar 3 mx is part of the general metamerism of the body. Altogether 
fourteen clefts are produced in a single longitudinal series. Above, i.e., dorsal 
to them, a second longitudinal series makes its appearance, containing eight 
clefts, so that at this stage there are two parallel rows of gill-slits on the right 
side of the body, and none on the left. But as growth goes on, the first or 
ventral series gradually travels over to the left side, producing a S3munetrical 
arrangement, and at the same time the first sKt and the last five of the first or 
definitdy left series close up and disappear, so that the numbers are equalised 
on the two sides. At first each gill-slit is simple, but before long a fold grows 
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down from its dorsal edge, and, extending ventrally, divides the single aperture 
into two : this fold is the secondary or tongue-lamella, the original bars of 
tissue between the undivided slits becoming the primary lamellae. 

While the development of the gill-slits is proceeding, the atrium is in course 
of formation. Paried longitudinal ridges, the meiapieural folds (Fig. 51, 
If. rf, Fig. 52, sf), appear on the ventral side of the body, behind the gill- 
slits, and gradually extend forwards, dorsal to the latter, their anangement 
being very unsymmetricad in correspondence with that of the clefts themselves. 
On the inner face of each fold, i.e. the face which looks towards its fellow 



Fig. 52. — ^Amphioxns lanceolatns. Diagrammatic transverse sections of three larvse to show 
the development of the atrium, ao. aorta ; c, dermis ; d. intestine ; /. fascia (layer of connective- 
tissue on inner surface of myomere) ; fh, cavity for dorsal fin-ray ; m. myomere ; n. neuron ; p. 
atrium ; sf. metapleural folds ; sfh, metapleural lymph-space ; si. sub-intestinal vein ; $k. sheath 
of notochord and neuron ; si. sub-atrial ridge ; sp. coelome. (From Korschelt and Heider, after 
Lankester and Willey.) 

of the opposite side, a longitudinal, sub-atrial ridge (Fig. 52, A, si.) appears, 
and the two sub-atrial ridges meeting and coalescing, a canal (J 5 , p.) is formed 
immediately below the ventral body-wall. This canal is the commencement 
of the atrium : it is at first quite narrow, but gradually extends upwards on 
each side (C, p.) until it attains its full dimensions. It is open, at first, both 
in front and behind : the posterior opening remains as the atriopore : the 
anterior opening becomes gradually shifted forwards as the fusion of the sub- 
atrial ridges proceeds (Fig. 51, B and C), and is finally completely closed. 
In this way the gill-slits come to open, not directly on the exterior, but into a 
cavity formed by the union of paired ridges of the body-wall, and therefore 
lined by ectoderm. 

The mouth gradually passes to the ventral surface, and Undergoes a relative 
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diminution in size : a fold of integument devetops round it and forms the oral 
hood, which is probably to be looked upon as a stomodjeum. The endostyle 
appears on the right of the pharynx (Fig. 50, Jl.), and is at first rod-shaped, 
then V-shaped : ultimately the limbs of the V unite in the middle ventral line. 
The gill-slits increase in number and become more and more vertically elongated. 
The provisional caudal fin disappears. The gonads arise from the outer and 
ventral regions of the protovertebrae in the form of pouches, which gradually 
assume their permanent form. 

Distribution. — The Branchiostomidae are very widely distributed in tropical 
and warm-temperate seas. Amphioxides has only been obtained with the tow- 
net and is, seemingly, of permanently pelagic habit. It differs from Amphioxus 
in the absence of oral cirri and of an atrial cavity, the branchial slits opening 
directly on the exterior in an unpaired ventral row. No fully mature specimens 
have yet been found, but the larger specimens have a single row of gonads. 

Distinctive Characters. — The Acrania may be defined as Euchorda in which 
the notochord extends to the anterior end of the snout, in advance of the central 
nervous system. There is no skull, and no trace of limbs. The ectoderm 
consists of a single layer of cells which may be ciliated. The pharynx is of 
immense size, perforated by very numerous gill-slits, and surrounded by an 
atrium. The liver is a hollow pouch of the intestine. There is no heart, 
and the blood is almost colourless. The nephridia remain distinct and open 
into the atrium. The brain is very imperfectly differentiated ; there are only 
two pairs of cerebral nerves ; and the dorsal and ventral spinal nerves do not 
unite. There are no paired eyes, but there is a median pigment-spot in the 
wall of the brain, and many others in the spinal cord ; an auditory organ is 
absent. The gonads are metamerically arranged and have no ducts. There 
is a typical invaginate gastrula, and the mesoderm arises in the form of meta- 
meric ccelomic pouches. The coelome is an enterocoele. 

Affinities. — Amphioxus has had a chequered zoological history. Its 
first discoverer placed it among the Gastropoda, considering it to be a slug. 
When its vertebrate character was made out, it was for a long time placed 
definitely among fishes, as the type of a distinct order of that class ; but, on 
further study, it became obvious that an animal without skull, brain, heart, 
auditory organs, paired eyes, or true kidneys, and with colourless blood and a 
pharynx surrounded by an atrium, must be as widely separated from the lowest 
fish as is the lowest fish from a bird or mammal. 

There was still, however, no suspicion of any connection between Amphioxus 
and the Urochorda until the development of both was worked out, and it was 
shown that in many fundamental points, notably in the formation of the 
nervous system and the notochord, there was a close resemblance between the 
two. The likeness was further emphasised by the presence in both forms of 
an endostyle, an epipharyngeal groove (dorsal lamina) and periphriryngeal 
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bands, and of an atrium, and by the homology of the gill-slits of Tunicates with 
those of Amphioxus. The Urochorda being obviously a highly specialised 
group with many organs degenerated, it was suggested that the peculiarities 
of Amphioxus might also be explained on the same lines. A still more recent 
suggestion ’ that Amphioxus is a modified and degenerate form of one of the 
Agnatha is interesting. According to this view the acquired specialisations are 
the multiplication of the gill-slits and myomeres, the as5mimetry and the 
complicated larval history. The losses by degeneration are to be seen in the 
simplification of the brain (which has more the appearance of a degenerate 
structure than that of the beginning of a primitive chordate brain), of eyes, 
otic capsules, exoskeleton, and of generative ducts. Such losses are not im- 
possible, as they can largely be paralleled in other vertebrata. The presence, 
on the other hand, of true nephridia with solenocytes, a structure otherwise 
unknown in the Chordata, is evidence of the persistence of a very primitive 
character. 

The evidence as to the real position of this form is as yet insufficient, but 
investigations have tended to bring the Acrania nearer to the Craniate 
Vertebrata and to remove them further from the lower Chordata. 


GENERAL INTRODUCTION TO CRANIATE FORMS 

The group of the Craniata (Vertebrata) includes all those animals known as 
Fishes, Amphibians, Reptiles, Birds, and Mammals, or, in other words, Verte- 
brata having a skull, a highly complex brain, a heart of three or four chambers, 
and red blood-corpuscles. 

In spite of the obvious and striking diversity of organisation obtaining 
among Craniata — ^between, for instance, a Lamprey, a Pigeon, and a Dog — 
there is a fundamental unity of plan running through the whole group, both 
as to the general arrangement of the various systems of organs and the structure 
of the organs themselves — far greater than in any of the principal invertebrate 
groups. The range of variation in the whole of the classes included in the 
division is, in fact, considerably less than in many single classes of Invertebrata 
— for instance, Hydrozoa or Crustacea. Hence, while the plan hitherto 
adopted of treating the group class by class will be followed, it will be found 
convenient to begin by devoting a considerable space to a preliminary account 
of the Craniata as a whole, since in this way much needless repetition will be 
avoided. 

External Charaeters. — The body of Craniata (Fig. 53) is bilaterally s3mi- 
metrical, elongated in an antero-posterior direction, and usually more or less 
cylindrical. It is divisible into three regions ; the head, which contains the 

^ Gregory, W. K. : ** The Transformation of Organic Designs*! a Review of the Origin and 
Deployment of the Earlier Vertebrates/* Biological Reviews ^ 1^36. Cambridge. 
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brain, the chief sensory organs, and the mouth and pharynx ; the trunk, to 
which the coelome is confined, and which contains the principal digestive and 
circulatory as well as the excretory and reproductive organs ; and the tail, 
or region situated posteriorly to the coelome and anus, and containing none of 
the more essential organs. Between the head and trunk there is frequently 
a narrow region or neck, into which the coelome does not extend. In aquatic 
Vertebrates the tail is normally of great size, not marked off externally from 
the trunk, and is the chief organ of locomotion : in terrestrial forms it usually 
becomes greatly reduced in diameter, and has the appearance of a mere 
unpaired posterior appendage. 

The mouth {mth) is a transverse aperture placed at or near the anterior 
end of the head. Near it, sometimes dorsal, sometimes ventrcil in position, 
are the paired nostrils or anterior nares (na.) — or in Cyclostomi the single nostril 
— leading to the organs of smell. Farther back, on the sides of the head, are 
the large paired eyes {e.), and on the dorsal surface there is sometimes more or 
less indication of a vestigial median or pineal sense-organ {pn. e.), which may take 
the form of an eye. Posterior to the paired eyes are the auditory organs {au.), 
the position of which is indicated in the higher forms by an auditory aperture. 

On the sides of the head, behind the mouth, are a series of openings, the 
gill-slits or external branchial apertures {e. br, a, i — 7) : they are rarely more than 
seven in number and in air-breathing forms disappear more or less completely 
in the adult. In the higher Fishes a fold called the operculum (Fig, 206, 
op,) springs from the side of the head immediately in front of the first gill-slit and 
extends backwards, covering the branchial apertures. In the Aphetohyoidea 
(pp. 154-172) the operculum is supported by the mandibular arch. 

On the ventral surface at the junction of the trunk and tail is the anus 
{an,). Distinct urinary and genital apertures, or a single urino-genital aperture, 
are sometimes found either in front of or behind the anus, but more commonly 
the urinary and genital ducts open into the termination of the enteric canal, 
or cloaca, so that there is only a single egestive opening, known as the cloacal 
aperture. On either side of this there may be a small abdominal pore {ab, p,) 
leading into the coelome. 

In Fishes and some Amphibians, the trunk and tail are produced in the 
middle dorsal line into a vertical fold or median fin, which is continued round 
the end of the tail and forwards in the middle line to the anus. Frequently 
this continuous" fin becomes broken up into distinct dorsal {d, f, i and 2), 
ventral {v, /.), and caudal {cd, /,) fins, which may assume very various forms : 
in the higher classes all trace of median fins disappears {cf,, however, analogous 
structure in the Cetacea). 

Fishes also possess paired fins. Immediately posterior to the last gill-slit 
is a more or less horizontal outgrowth, the pectoral fin {pet. /.), while a similar 
but smaller structure, the pelvic fin {pv.f,), arises at the side of the anus. 
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In all Craniata above Fishes, i.e. from Amphibia upwards, the paired fins 
are replaced by fore- and hind-limbs h.l.), each consisting of three divisions 

— upper-arm, fore-arm, and hand in the one case ; thigh, shank, and foot in the 
other. Both hand and foot normally terminate in five fingers or digits, and 
the pentadactyle limb thus formed is very characteristic of all the higher Verte- 
brata. The paired fins, or limbs, as the case may be, are the only lateral 
appendages possessed by Vertebrates. 

Body-wall and Internal Cavities. — The body is covered externally by a 
skin consisting of two layers, an outer or epithelial layer, the epidermis (Fig. 
54, Ep.), derived from the ectoderm of 
the embryo, and an inner or coimective- 
tissue layer, the dermis \Co), of meso- 
dermal origin. The epidermis is always 
many-layered, the cells of the lower 
layers, forming the stratum Malpighii, 
being protoplasmic and capable of 
active multiplication, while those of the 
superficial layers often become flattened 
and horny, and constitute the stratum 
corneum. Glands are frequently present 
in the skin in the form of tubular or 
flask-shaped in-pushings of the epider- 
mis or of isolated gland-cells {B). 

The skin may be naked, but is usually 
provided with protective structures of 
various kinds, such as scales, bony 
plates, feathers, or hair. Scales of the 
fishes are of different shapes, such as 
cycloid, ctenoid or rhomboid, but it is the 
structure rather than the shape that is 
of importance and of value in classifica- 
tion. There are three main kinds of 
scales in fishes : the placoid, the cosmoid, 
and the ganoid. The placoid scale (Fig. 

55 (i)), with an ectodermal cap of enamel 
and a body of dentine surrounding a pulp-chamber, has essentially the same 
composition as a tooth, and in the Chondrichthyes, in which group this scale is 
characteristic, there is a clear transition from the scales on the body to the 
teeth on the jaws. They lie superficially and, if lost, can be continually 
replaced. 

The cosmoid scale (Fig. 55 (2)) lies deeper in the dermis, and consists of three 
layers : an outer one, known as the cosmine layer, which is formed of a cell- 



Fig. 54. — Diagrammatic vertical sec- 
tion of the skin of a Fish. B, unicellular 
mucous glands ; Co, derm ; CS, cuticular 
margin; Ep. epiderm; F, fat; G, blood- 
vessels ; Ko, goblet-cells ; K 6 , granule-cells ; 
S, vertical, and W, horizontal bundles of 
connective-tissues. (From Wiedersheim's 
Vertehrata.) 
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less substance somewhat like dentine with vascular spaces and fine radiating- 
tubules, and on the outer surface a thin layer of a hard glossy substance termed 
vitrodentine. The middle layer, the vascular layer, is formed of bone perforated 
by numerous anastomosing canals for the blood-vessels. The bottom layer, 
the isopedine layer, consists of several laminae of bone lying parallel to one 



6 



Fig. 55. 

1. Placoid Scale. Median dorsal denticle scale of Raja blanda. A, left side 
view ; B, section, enlar|;ed ; b. basal plate ; d. dentinal tubules ; o, opening of pulp 
cavity ; s.p, projecting spine ; tr, trabecular dentine. (After G<^dricn.) 

2. Cosmoid Scale of Megalichthys hibberti. A, piece of a thick transverse section 
enlarged ; B, section through the hind edge, enlarged ; C, outer view of a complete 
scale, ac. anterior region covered by next scale ; c, large vascular cavity ; ch, chamber 
of cosmine layer ; d/. c^naliculi of cosmine ; g. thin outermost layer ; A. irregular 
vascular canals ; i, isopedine layer ; o. opening of chamber of cosmine Idyer on 
surface ; pc. pulp cavity from which canaltculi radiate ; vc, vertical canal lea^ng to 
vascular cavity. (After Goodrich*) 
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another, through which at intervals run canals for blood-vessels passing to the 
vascular layer. Cosmoid scales are not shed, and during growth expand by 
the addition of cosmine round the edge of the upper surface and by addition 
to the isopedine layers below. It appears that the vitrodentine covering of the 
scale can be resorbed and replaced at intervals during the life of the fish.^ 
Cosmoid scales are found only in the Crossopterygians and in the Dipnoi, 
but in living forms of the last-named group much of the characteristic structure 
of the scale has been lost. 



3. Ganoid Scale of Eurynotus crenatus A, diagrammatic and enlarged view of a 
piece of scale ; B, outer view of a complete scale ; C, transverse section of a scale. 
a. anterior covered region ; op, articulating process ; c. fine canaliculi of cosmine 
layer ; g, ganoine layer ; h* system of horizontal canals ; i. isopedine layer ; o, open- 
ing of vertical canals on the outer surface ; p, exposed posterior shiny part of the 
scale ; s, outer surface ; vc. vertical canad. (After Goodrich.) 


The ganoid scale (Fig. 55 (3)) is composed of layers of cell-less ganoine on 
the upper surface which pass into layers of isopedine below. Between these 
two layers there are two more, an upper one resembling cosmine and a lower 
the vascular layers, but these are not universally present or may be much 
reduced. The growth of the ganoid scale differs from that of the cosmoid 
in that fresh layers are laid down on the top of the scale as well as on the 
underside. This type of scales and its derivatives is confined to the 
Actinopterygii. 

Scales and bony plates occur in the higher vertebrata but their relation 
to those of the fishes is still obscure. In reptiles and birds the scales and 
feathers, and in mammals the hair, are epidermal in origin and are formed 

^ WestoU, T. S., ** On the Structures of the Dermal Ethmoid Shield of Osteolepis.*' Geol, 
73* No. 862. 1936. 
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of a horny substance termed keratin which is perhaps distantly allied to 
enamel. Details of the structure are given in the accounts of the respective 
classes. 

Beneath the skin comes the muscular layer. This is always highly developed, 
and, in the lower Craniata, has the same general arrangement as in Amphioxus, 
i,e. consists of zigzag muscle-segments or myomeres (Fig. 56, mym,), separated 
from one another by partitions of connective-tissue, or myocommas {myc.), 
and formed of longitudinally disposed muscle-fibres. The myomeres are not 
placed at right angles to the long axis of the body, but are directed from the 
median vertical plane outwards and backwards, and are at the same time 
convex in front and concave behind, so as to have a cone-in-cone arrangement 
(Fig. 57, C). Each myomere, moreover, is divisible into a dorsal {d, m,) 
and a ventral {v, m.) portion. In the higher groups this segmental arrange- 



Fig. 56. — Side view of Dogfish [Musielus antarcHcus), with a strip of skin in the middle of 
the body removed to show the muscles, an. anus ; cf, d. caudal fin ; d. f. x, d. f. 2, dorsal fins ; 
e. eye ; ext, br. ap. external branchial Apertures ; /. I, lateral line ; mth. mouth ; myc, myocommas ; 
mym. myomeres ; n. a. nasal aperture ; pet. f. pectoral fin ; pv. f. pelvic fin ; sp. spiracle ; v. f. 
ventral fin. (From Parker’s Biology.) 

ment, though present in the embryo, is lost in the adult, the myomeres becoming 
converted into more or less longitudinal bands having an extremely complex 
arrangement. 

In the trunk, as shown by a section of that region, the muscles form a 
definite layer beneath the skin and enclosing the ccelome (Fig. 57, A and C, 
c«l.) . The muscular layer, as in Amphioxus, is not of even diameter through- 
out, but is greatly thickened dorsally, so that the coelome is, as it were, thrown 
towards the ventral side. Its dorsal portion, moreover, is excavated by a canal, 
the neural or cerebrospinal cavity (c. s. c.), in which the central nervous system 
is contained, and the anterior portion of which is always dilated, as the cranial 
cavity, for the brain. Thus a transverse section of the trunk has the form of a 
double tube. In the head, neck, and tail {B, D), the coelome is absent in the 
adult, and the muscles occupy practically the whole of the interval between 
the skin and the skeleton, presently to be referred to : in the tail, however, 
there is found a heemal canal {h. c.) containing connective-tissue, and rqaesenting 
a virtual backward extension of the ccelome. The fins, or fore- and lund-limbs. 
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are moved by longitudinal muscles derived from those of the trunk. All the 
voluntary or body-musdes of Craniata are of the striated kind. 

The coelome is lined by peritoneum (C, pr.), a membrane consisting of an 
outer layer of connective-tissue, next the musdes, and an inner layer of ccdomic 
epithelium bounding the cavity, and thus forming the innermost layer of the 
body-wall. In Fishes the coelome is divided into two chambers, a large 
abdominal cavity containing the chief viscera, and a small forwardly-placed 

pericardial cavity (A , pc.) contain- 
ing the heart, and lined by a 
. detached portion of peritoneum 

known as the "pericardium. In 
nc~^‘/ I Mammals there is a vertical 

^ muscular partition, the 

^ [j" 1 ^ dividing the ccdome into an an- 

Wk terior chamber or thorax, contain- 

1 heart and lungs, and a 

posterior chamber or abdomen 
— 7^'^ containing the remaining viscera. 

/ Skeleton. — The hard parts or 

supporting structures of Craniata 
fall into two categories — ^the exo- 
skeleton and the endoskeleton, 
z. The exoskeleton consists of bony 

horny deposits in the skin, and 
may be either epidermal or der- 
p.o,i el,m mal, or both, but is never, like the 

Fig, 58. — Semi-diagrammatic transverse section armour of an Arthropod Or the 




/9e/i r. 




'^sh.nch 


of the vertebral column of a Craniate embryo, c, c. shell of a Mollusc, cuticular. The 
central canal ; el. m. external elastic membrane ; . . . , , . . , 

h. r. h«mal ridges; n. c. neural tube; nch. noto- epidermal exoskeleton IS always 

formed by the comttcation or 

genous cells migrating into notochordal sheath ; sh. 1 . conversion into hom of epidermal 

SSSSriSGUtf- cells, and mey taie the fonn of 

scales — ^as in Reptiles, feathers, 
hairs, claws, nails, horns, and hoofs. The dermal exoskeleton occurs in 
the form of either bony or hom-like deposits in the derm, such as the 
scales and dermal fin-rays of Fishes, and the bony armour of the Sturgeon, 
Crocodile, or Armadillo. 

The endoskeleton, or “ skeleton ” in the ordinary sense of the word, forms 


one of the most complex portions of the body, and presents an immense range 
of variation in the different classes and orders. As in Amphioxus, the axis 
of the entire skeletal system is formed by the notochord (Fig. 58, nch.), an 
elastic rod made of pecuUar vacuolated cells (Figs. 58, 59, nch.), resembling the 
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pith of plants, and covered by a laminated sheath {sh. tick.), with an external 
elastic membrane {el. m.) around it. The whole sheath is, in the Craniata, a 
cuticular product of the superficial notochordal cells {nch. c.), i.e. is developed 
as a secretion from their .outer or free surfaces. The notochord lies in the middle 
line of the dorsal body-wall between the cerebro-spinal cavity above and the 
coelome below : it is usually developed, as in the lower Chordata, from a median 
longitudinal outgrowth of the dorsal wall of the gut. Posteriorly it extends to 
the end of the tail, but in front it always stops short of the anterior end of the 
head, ending near the middle of the brain immediately behind a peculiar organ, 
the pituitary body (Fig. 57, A , pty. b.), which will be referred to again in treating 
of the digestive organs and of the nervous system. The extension of the nervous 
system in front of the notochord is one of the most striking differences between 



Fig. 59. — Diagram illustrating the segmentation of the vertebral eolnmn. c. n. t. perichordal 
tube: h.r. haemal ridge; h. i. haimal tube; i. v.f. intervertebral foramen; n. t. neural tube; 
nch, notochord. The dotted lines indicate the segmentation into vertebrae. 


the Craniata and Amphioxus, in which, it will be remembered, the notochord 
is prolonged to a considerable distance beyond the anterior end of the 
nerve-tube. 

In the majority of Craniata the notochord is a purely embryonic structure, 
and all but the anterior end of it is replaced in the adult by the vertebral column. 
The cells of mesoderm surrounding the notochord become concentrated around 
the sheath and give rise to the skeletogenous layer (Fig. 58, sk. /.), some of the 
cells of which {sk. c.) may migrate through the elastic membrane into the sheath 
itself. In this way the notochord becomes surrounded by a cellular invest- 
ment which soon takes on the structure of cartilage, and may be called the 
perietmial tube (Fig. 58, p. c. t., and Fig. 59, c. n. t.). The skeletogenous 
layer also grows upwards, and gives rise to an inverted tunnel of cartilage, 
the neural tube {n. c., n. L),‘ enclosing the cerebro-spinal cavity and connected 
below with the perichordal tube ; and to paired hamal ridges (h. r.) of cartilage 
standing out from the sides of the perichordal tube into the muscles : in the 
region of the tail these unite below to enclose the hamal canal {h. c.) already 
referred to. Actually, however, the vertebral column thus constituted is 
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from the first more or less broken up into segments, and in the higher forms is 
replaced by a chain of bones called vertebra which follow one another from 
before backwards, beginning a short distance behind the anterior end of the 
notochord and extending to the extremity of the tail, . 

A vertebra consists essentially of the following parts ; (i) a centrum or 
body (Fig. 57, C, cn.) l5dng below the spinal canal in the position formerly 
occupied by the notochord and perichordal tube, and arising either in the 
skeletogenous layer proper, or in the notochordal sheath after its invasion by 
skeletogenous cells; (2) a neural arch (n. a.) which springs from the dorsal 
surface of the centrum and encircles the spinal canal, representing a segment 
of the neural tube ; and (3) a pair of transverse processes {t. p.) which extend 
outward from the centrum among the muscles and represent segments of the 
haemal ridges : to them are often attached ribs which extend downwards in 
the body-wall, sometimes between the dorsal and ventral muscles (/.), some- 
times immediately external to the peritoneum (r.). In the anterior part of the 
ventral body-wall a cartilaginous or bony sternum or breast-bone may be de- 
veloped : in the Amphibia it is an independent structure ; in the higher classes 
it is formed by the fusion of some of the anterior ribs in the middle ventral 
line. In this way the anterior or thoracic region of the coelome is enclosed in an 
articulated bony framework formed of the vertebral column above, the ribs 
at the sides, and the sternum below. The ribs under these circumstances 
become segmented each into two parts, a dorsal vertebral rib, articulating with 
a vertebra, and a ventral sternal rib with the sternum. In the tail there is 
frequently a heemal arch (Fig. 57, D, h. a.) springing from the ventral aspect 
of the centrum and enclosing the haemal canal. Thus the line of centra in the 
fully-formed vertebral column occupies the precise position of the notochord ; 
the neural arches encircle the spinal portion of the cerebro-spinal cavity ; 
the transverse processes, ribs, and sternum encircle the coelome ; and the haemal 
arches simihirly surround the haemal canal or vestigial coelome of the tail. 
As we ascend the series of Craniata we find every gradation from the persistent 
notochord of the Cyclostomata, through the imperfectly differentiated vertebrae 
of Sharks aind Rays, to the complete bony vertebral column of the higher forms. 

The vertebrae are equad in number to the myomeres, but are axramged 
alternately with them, the fibrous partition between two myomeres abutting 
against the middle of a vertebra, so that each muscle-segment acts upon two 
adjacent vertebrae. Thus, the myomeres being metameric or segmeptal 
structures, the vertebrae are intersegmental. 

In connection with the anterior end of the notochord, where no vertebrae 
are formed, there are dev^oped certain elements of the skull or cephalic skeleton, 
a structure which is eminently characteristic of the whole craniate division, 
and to the possession of which it owes its name. The skull makes its first 
appearance in the embryo in the form of paired cartilaginous plates, the para- 
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chordak (Fig. 60, pc.), l3ang one on each side of the anterior end of the noto- 
chord {nch.), and thus continuing forward the line of vertebral centra. In 
front of the parachordals are developed a pair of curved cartilaginous rods, 
the trabecula (tr.) which underlie the anterior part of the brain, as the para- 
chordals underlie its posterior part : their hinder ends diverge so as to embrace 
the pituitary body (ply.) already referred to. Cartilaginous investments are 
also formed around the organs of the three 
higher senses : a pair of olfactory capsules 
round the organs of smell, one of optic 
capsules round the organs of sight, and one 
olMudiiory capsules [au. c.) round the organs 
of hearing. The optic capsule, which may 
be either cartilaginous or fibrous, remains 
free from the remaining elements of the 
skull in accordance with the mobility of the 
eye ; it constitutes, in fact, the sclerotic or 
outer coat of that organ. The olfactory 
capsules are usually formed in relation to 
the trabeculae, and are continuous with 
those structures from an early stage. The 
auditory capsules in some cases arise as 
outgrowths of the parachordals, in others 
as independent cartilages, each of which, 
however, soon unites with the parachordal 
of its own side. As development goes on, 
the trabeculae and parachordals become 
fused into a single basal plate (Fig. 61, 

B, b. cr.) underlying the brain : the skull- 
floor thus formed gives off vertical up- 
growths on each side which finadly close 

in above to a greater or less extent, and so give rise to a more or less complete 
cranium or brain-case enclosing the braiin and the organs of smeU and hearing, 
and furnishing open cavities or orbits for the eyes. 

In the continuous solid cranial box thus formed certain definite regions 
are to be distinguished : a posterior or occipital region, formed from the para- 
chordals, united or articulated with the anterior end of the vertebral column, 
and presenting a large aperture, the foramen magnum (Fig. 61, B,for. mag.), 
through which the spinal cord becomes continuous with the brain ; an auditory 
region formed by the two outstanding auditory capsules [A, au. cp.) ; and a 
irabeetdar region, including all the rest. The latter is again divisible into an 
interorbital region, between the orbits' t)r eye-sockets; an olfactory region, 
constituted by the olfactory capsules {plf. cp.), and by a median vertical plate. 
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Fig. 60. — ^The elements of the cran- 
ium in an embryo Salmon, from above. 
au. c, auditory capsule ; nch. notochord : 
pc. parachordal ; pty. position of pituit- 
ary body ; tr. trabecula. (From a model 
by Ziegler.) 
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the mesethmoid {B, m. eth.), which separates them from one another; and a 
pre-nasal region or rostrum {r.) extending forwards from the mesethmoid and 
forming a more or less well-marked anterior prolongation of the cranium. 
The cavity for the brain (J5) extends from the foramen magnum behind to the 
olfactory region in front ; its floor, formed from the basal plate of the embryo, 
is called the basis cranii (b, cr.) : its roof is always incomplete, there being one 
or more apertures or fontanelles (fon.) closed only by membrane and due to the 
imperfect imion above the side-walls. 



Fig. 6i. — A, diagram of cartilaginous skull from the left side ; B, cranium in sagittal section. 

cp. auditoiy capsule; b, br, j-5, basi-branchials ; b. cr. basis cranii; b. hy. basi-hyal; c. br, 
cerato-branchial ; c, hy. cerato-hyal ; ep. br. epi-branchial ; ep. hy. epi-hyal ; fon. fontanelle ; 
for. wag. foramen magnum; h. br. hypo-branchial; h. hy. hypo-hyal; hy, m. hyomandibular ; 
lb. I — 4, labial cartilages ; wck. c. Meckel’s cartilage ; m. eth. mesethmoid ; nv. 1 — to, foramina 
for cerebral nerves; olf. cp. olfactory capsule; pal. <^u. palato-quadrate ; ph. hr. pharyngo- 
branchial ; r. rostrum ; s. t. pituitary fossa or sella turcica. 

In the walls of the brain-case are apertures or foramina for the passage 
outwards of the cerebral nerves {vide p. loi). The most important of these are 
the olfactory foramina {nv. i) for the nerves of smell, situated at the anterior 
end of the cerebral cavity, one on each side of the mesethmoid; the optic 
foramina {nv. 2) for the nerves of sight, in the inter-orbital region ; the trige- 
minal foramina {nv. 5 ) for the fifth nerves, just in front of the ajiditory capsule ; 
the auditory foramina {nv. 8) for the nerves of hearing, in the inner wall of the 
auditory capsules; and the vagus foramina {nv. 10 ) for the tenth nerves, 
immediately posterior to the auditory capsules. 

In addition to the elements of the brain-case — ^parachordals, trabecul®, 
and auditory capsules — there enter into the composition of the skull another 
set of elements called visceral bars. These are cartilaginous rods formed in the 
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walls of the pharynx between the gill-slits, and thus encircling the pharynx 
like a series of paired half-hoops (Fig. 6i, B, vs. b.) The corresponding right 
and left bars become united with one another below by an unpaired cartilage 
(Fig. 6i, A, b. br.), forming a visceral arch, and the impaired ventral pieces 
may unite successive arches with one another in the middle ventral line, thus 
giving rise to a more or less basket-like visceral skeleton. It will be noticed 
that the visceral .skeleton has a segmental arrangement, being formed of parts 
arranged in an antero-posterior series, whereas in the cranium there is no clear 
indication of segmentation. There is, however, no exact correspondence 
between the segments of the visceral skeleton and the metameres. The visceral 
arches vary in number from four to nine : the foremost of them is distinguished 
as the mandibular arch, and lies just behind the mouth ; the second is called 
the hyoid arch, and the rest branchial arches, from the fact that they support 
the gills in water-breathing forms. 

In all Craniata except the Cyclostomes the mandibular arch becomes 
modified into structures called jaws for the support of the mouth. Each 
mandibular bar divides into a dorsal and a ventral portion Ccdled respectively 
the palato-quadrate cartilage (Fig. 6i, A, pal. qu.) and Meckel’s cartilage 
{mck. c.) : the palato-quadrates grow forwards along the upper or anterior 
margin of the mouth, and unite with one another in the middle line, forming 
an upper jaw : Meckel’s cartilages similarly extend along the lower or posterior 
margin of the mouth and unite in the middle line, forming the lower jaw. The 
quadrate {qu.), or posterior end of the palato-quadrate, furnishes an articulation 
for the lower jaw, and often acquires a connection with the cranium, thus 
serving to suspend the jaws from the latter. Thus each jaw arises from 
the union of paired bars, the final result being two unpaired transverse structures, 
one lying in the anterior, the other in the posterior margin of the transversely 
elongated mouth, and moving in a vertical plane. The fundamental difference 
between the jaws of a Vertebrate and the structures called by the same name 
in an Arthropod or a Polychaetous Worm will be obvious at once. 

The hyoid bar usually becomes divided into two parts, a dorsal, the 
hyomandibular or pharyngo-hyal (hy.m.), and a ventral, the hyoid cornu, which 
is again divisible from above downwards into segments called respectively 
epi-hyal {ep.hy.), cerato-hyal {c.hy.), and hypo-hyal (h.hy.). The median ventral 
element of the arch, or basi-hyal (b.hy.), serves for the support of the tongue. 

In the earliest fishes of all — e.g., the Acanthodii (p, 154) — the jaws are 
attached by ligaments to the neurocranium and the hyoid arch, instead of 
being modified to support the upper and lower jaws, is as complete as are the 
posterior arches and the gill-slit Ijing in front of the hyoid arch, instead of being 
reduced to a spiracle which may even be closed and disappear, is fully functional 
as a complete gill. This type of jaw suspension may be termed autodiastylic.^ 

* de Beer and Moy-Thomas, Trans, Royal Soc.% B 514, 1935* 
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When the hyomandibular becomes attached to the hinge of the upper and 
lower jaws and supports them so that the attachment to the skull is lost, the 
suspension is termed hyostylic, and this is the method of attachment of the 
majority of fishes. In some early forms and in a few living fishes there is an 
attachment to the skull as well as to the hyomandibular, a condition known 
as amphistylic. It appears that in fishes the autodiastylic attachment is the 
most primitive, the amphistylic the next to be derived from it, and then the 
hyostylic as the most recent. It is probable that the latter condition has been 
arrived at independently in the Chondrichthyes and bony fishes. 

Finally, the upper jaw, instead of merely lying against the skull and attached 
only by ligaments, as in the autodiastylic phase, may become definitely fused 
with it. This condition is termed autosystylic. Two groups of fishes have the 
jaws attached to the skull and no hyoid suspension — namely, the Dipnoi and 
Holocephali — ^but the condition is not the same in each case. The Holocephali 
have a complete hyoid arch which is free from the cranium, a condition which, 
according to different interpretations, may be an approach to the autodiastylic 
condition or a secondary modification such as is shown by the skates. To this 
kind of suspension the term holostylic ^ has been given. In the Dipnoi and all 
Tetrapods the hyoid arch becomes broken up and the hyomandibular attached 
to the skull, where it soon enters into the service of the ear region. This 
condition is usually termed autostylic. As this term, however, really covers 
more than one condition it is now divided into autosystylic and holostylic. 

The branchial arches become divided transversely into dorsoventral seg- 
ments called respectively pharyngo-branchial {ph.hr.), epi-branchial {ep.hr.), 
cerato-branchial {c.br.), and hypo-branchial {h.br.), and the visceral skeleton 
thus acquires the character of an articulated framework which allows of the 
dilatation of the pharynx during swallowing and of its more or less complete 
closure at other times. 

In connection with, and always superficial to, the rostrum, olfactpry 
capsules, and jaws, are frequently found labial cartilages {lb. i — ^), which some- 
times attain considerable dimensions. 

In certain Fishes, such as Elasmobranchs, the cartilages of the skull become 
more or less encrusted by a superficial granular deposit of lime-salts, giving rise, 
as in the vertebral coliunn of these Fishes, to calcified cartilage ; but in all the 
higher forms true ossification takes place, the cartilaginous skull becoming 
complicated, and to a greater or less extent replaced, by distinct bones. Of 
these there are two kinds, replacing or " cartilage ’’-bones and investing or " mem- 
brane ’’-hones. Replacing bones may begin by the deposition of patches 
of bony matter in the cartilage itself {endochondral ossification). As develop- 
ment proceeds, these may be replaced by ossification starting within the 

> W. K. Gregory, Biological Bulletin, Vol. VII, no. i, 1904, ** The Helations of the Anterior 
Visceral Arches to the Chondrocranium/' 
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perichondrium, or layer of connective-tissue surrounding the cartilage, and 
gradually invading the latter. More usually the bone is formed from the 
outset by the deposition of layers invading the cartilage from the perichondrium 
(or periosteum) inwards {perichondral or periosteal ossification). But in either 
case the bones in question are usually said to be preformed in cartilage, i.e. 
they replace originally cartilaginous parts. In the case of investing bones, 
centres of ossification also appear, in constant positions, in the fibrous tissue 
outside the cartilage : they may remain quite independent of the original 
cartilaginous skull and its replacing bones, so as to be readily removable by 
boiling or maceration ; or they may eventually become, as it were, grafted 



Fig. 62. — A, diagram of bony skull in sagittal section; transverse section of occipital 
region ; C, of parietal region ; D, of frontal region ; E, of ethmoidal region. Cartilaginous parts 
are dotted ; replacing bones are marked in thick type, investing bones in italics. Mck, C. Meckel’s 
cartilage ; Nv, i — jo, foramina for cerebral nerves ; r . rostrum ; s. t. sella turcica or pituitary 
fossa. Replacing bones — AL.SPH. alisphenoid ; ART. articular ; B.BR. basi-branchial ; B.HY. 
basi-hyal ; B.OC. basi-occipital ; B.SPH. basi-sphenoid ; C.BR. cerato>branchial : C.HY. cerato- 
hyal ; £C.ETB[. ecto-ethmoid ; EP.BR. epi-branchial ; EP.HY. epi-hyal ; EY.OC. ex-occipital ; 
H;BR. hypo-branchial ; H.HY. hypo-hyal ; HY.M. hyomandibular ; M.ETH. mesethmoid ; 
OP.OT; opisthotic ; OR.SPH. orbito-sphenoid ; PAL. palatine ; PH.BR. pharyngo-branchial ; 
PR.OT. pro-otic ; PR.SPH. pre-sphenoid ; PTG, pterygoid ; QU. quadrate ; S.OC. supra-occipital. 
Investing bones — DNT, dentary; F.R, frontal; MX. maxilla; NA. nasal; PA. parietal; 
P. 4 . SP//. para-sphenoid ; P.MAT, premaxilla; Sg. squamosal ; VO., v.o. vomer. 

on to the cartilage, in which case all distinction between investing and replacing 
bones is lost in the adult. The investing bones are to be looked upon as por- 
tions of the exoskeleton which have retreated from the surface and acquired 
intimate relations with the endoskeleton. 

The replacing bones have a very definite relation to the regions of the 
cartilaginous cranium. In the occipital region four bones are formed, sur- 
rounding the foramen magnum : a median ventral basi-occipital (Fig. 62, A 
and B, B.OC.), paired lateral ex-occipitals (EX.OC.), and a median dorsal 
supra-occipital (S.OC.). In each auditory capsule three ossifications commonly 
appear : a pro-otic {A, PR.OT.) in front, an opisthotic (OP.OT.) behind, and an 
epi-otic (EP.OT.) over the arch of the posterior semicircular canal of the ear 
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{vide infra). In front of the basi-occipital a bone called the basi-sphenoid 
{A and C, B.SPH.) is formed in the floor of the skull : it appears in the position 
of the posterior ends of the trabeculae, and bears on its upper or cranial surface 
a depression, the sella turcica (s.i.), for the reception of the pituitary body. 
Connected on either side with the basi-sphenoid are paired bones, the ali- 
sphenoids (AL.SPH.), which help to furnish the side-walls of the interorbital 
region. The basi-sphenoid is continued forwards by another median bone, the 
pre-sphenoid (A and D, PJSPH.) with which paired ossifications, the orbito- 
sphenoids (ORB,SPH.) are connected and complete the side-walls of the inter- 
orbital region. The basi-occipital, basi-sphenoid, and pre-sphenoid together 
form the basis cranii of the bony skull. A vertical plate of bone, the meseth- 
moid (M.ETH.), appears in the posterior portion of the cartilage of the same 
name, and the outer walls of the olfactory capsules may be ossified by paired 
ecto-ethmoids {E, EC.ETH.). 

So far, it will be seen, the cranial cavity has its hinder region alone roofed 
over by bone, viz. by the supra-occipital : for the rest of it the replacing bones 
furnish floor and side-walls only. This deficiency is made good by two pairs 
of investing bones, tYieparietals {PA .), formed immediately in front of the supra- 
ocdpital and usually articulating below with the ali-sphenoids, and the frontals 
{FR.), placed in front of the parietals, and often connected below with the 
orbito-sphenoids. A pair of nasals {NA.) are developed above the olfactory 
capsules and immediately in advance of the frontals ; and below the base of 
the skull two important investing bones make their appearance, the vomer 
{vo.) — ^which may be double — ^in front, and the para-sphenoid {PA.SPH.) 
behind. 

The result of the peculiar arrangement of replacing and investing bones 
just described is that the brain-case, in becoming ossified, acquires a kind of 
secondary segmentation, being clearly divisible in the higher groups, and 
especially in the Mammalia, into three quasi-segments. These are the occipital 
segment (B) formed by the basi-occipital below, the ex-occipitals at the sides, 
and the supra-occipital above ^ ; the parietal segment (C), formed by the basi- 
sphenoid below, the ali-sphenoids laterally, and the parietals above ; and the 
frontal segment (£>), constituted by the pre-sphenoid below, the orbito-sphenoids 
on either side, and the frontals above. It must be observed that this segmenta- 
tion of the cranium is quite independent of the primary segmentation of the 
head, which is determined by the presence of myomeres and by the relations 
of the cerebral nerves. 

The cranial bones have constant relations to the cerebral nerves. The 
olfactory nerves {A, Nv. x) pass out one on either side of the mesethmoid, the 
optic nerves {Nv. 2) through or immediately behind the orbito-sphenoids, 

^ With the occipital segment in many Fishes are amalgamated one or several of the most 
anterior vertebrae. 
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the fifth nerves {Nv. 5) through or immediately behind the ali-sphenoids, and 
the tenth nerves {Nv. 10) through or immediately in front of the ex-occipitals. 

It will be seen that a clear distinction can be drawn between the primary 
cranium, chondrocranium or neurocranium formed by the fusion of the para- 
chordals, auditory capsules, and trabeculae, and consisting of an undivided 
mass of cartilage more or less replaced by bones, and the secondary cranium or 
osteocranium, modified by the super-addition of investing bones. 

A similar distinction may be drawn between the primary arid secondary 



Fig. 63. — Digram of three stages in the development of the pelvic fins. In A , the anterior 
pterygiophores bn the right side (Rad.) have united to form a basal cartilage (Bas .) ; in B the 
basalia (Bas.) are fully formed and are uniting at • to form the pelvic girdle ; in C the pelvic 
girdle (G.) is fully constituted, and at f has segmented from the basale on the right side. Cl. 
cloacal aperture. (From Wiedersheim’s Comparative Anatomy.) 

jaws. The primary upper jaw, or palato-quadrate, becomes ossified by three 
chief replacing bones on each side, the palatine {A, PAL.) in front, then the 
pterygoid (PTG.), and the quadrate (QU.) behind, the latter furnishing the articula- 
tion for the lower jaw or mandible. In the higher classes the primary upper 
jaw does not appear as a distinct cartilaginous structure, and the palatine 
and pterygoid are developed as investing bones. The secondary upper jaw 
is constituted by two pairs of investing bones, the pre-maxiUa (P.MX.) and 
the maxiUa {MX.), which in bony skulls furnish the actual anterior boundary 
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of the mouth, the primary jaw becoming altogether shut out of the gape. The 
proximal end of the primary lower jaw ossifies to form a repladng bone, the 
articular (ART.), by which the mandible is hinged : the rest of it remains as 
a slender, unossified Meckel’s cartilage {Mck. C.), which may disappear entirely 
in the adult. The secondary lower jaw is formed by a variable number of 
investing bones, the most important of which is the dentary (DNT.). In 



Fig. 64. — Right pectoral fins oi A, Cladonlacbe ; B, dadodus ; C, PleoiaoBiithiu ; D, a 
** shark ** ; E, Ceratodus ; F, a primitive Actinopterygian ; G, a Teleost. The dotted lines suggest 
possible lines of functional evolution. 


Mammalia the dentary forms the entire mandible, and articulates, not with 
the quadrate, but with a large investing bone formed external to the latter, 
and known as the squamosal (SQ.). 

In the hyoid arch a replacing bone, the hyo-mandibular (HY.M.), appears 
in the cartilage of the same name, and ossifications are also formed in the 
various segments of the hyoid cornua (EP.HY., CJIY., H.HY., B.HY.) and of 
the branchial arches (PH.BR., EP3R., C.BR., H.BR., B.BR.). In the air- 
breathing forms both hyoid and branchial arches undergo more or less complete 
atrophy, the whole gill-bearing apparatus becoming reduced mainly to a small 
hyoid bone serving for the support of the tongue. 
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The skeleton of the median fins is formed of a single row of cartilaginous 
rays or pterygiophores (Fig. 63, C and D,f.r.), lying in the median plane, and 
more numerous than the vertebrae. They may ossify, and may be supple- 
mented by dermal fin-rays, of varying composition, developed in the derm 
towards the free margin of the fin. The latter are clearly exoskeletad structures. 

Both pectoral and pelvic fins are supported by pterygiophores or radialia 
(Fig. 63, Rad.), the basal or proximal ends of which are articulated with stout 
cartilages, the basalia (Bas.), often replaced by bones, which serve to strengthen 
the fin at its point of union with the trunk. 

The structure of the paired fins varies in different groups of fishes (Fig. 64). 
It is supposed that they arose from an originally continuous fold along each 
side of the body from which the fins became constricted. This view is to some 
extent supported by embryological evidence and by the condition of the paired 
fins of Cladoselache, which, being without a posterior notch, have the appear- 
ance of being the remains of a previously continuous fin. The rows of spines 
on each side of the Acanthodians (Fig. 125) and of the agnathous Anaspida 
(Fig. 99) are likewise suggestive of a continuous fold. When such a fin as 
that of Cladoselache (pleurorhachic type) became free from the body-wall, 
it would consist of an axis of basalia and a fringe of radialia on the preaxial 
side. When more radials appeared on the postaxial side, as in Pleur acanthus, 
the fin reached the condition known as the archipterygium (mesorhachic type). 
This type of fin is also found in the Crossopterygians and Dipnoans. In the 
majority of Chondr5dchthyes the fin has three basalia, termed the pro- meso- 
and meta-pterygium, respectively, and a number of radialia arranged around 
them. The fin of the Polj^terini has a somewhat similar appearance, though 
probably of a different origin. The Actinopterygii show a further modifica- 
tion, the basalia being lost and the radials reduced to small ossicles which lie 
within the body-wall, and not in the fin web. Besides the basals and radials, 
the fins are all strengthened in the free part by fin-rays, which are of several 
kinds ; homy, fibrous or modified scales.^ 

In all classes above Fishes the paired fins are, as we have seen, replaced by 
five-toed or pentadactyle limbs. These are supported by bones, probably 
to be looked upon as greatly modified pterygiophores, and obviously serially 
homologous in the fore- and hind-limbs. In the proximal division of each 
limb there is a single rod-like bone, the humerus (Fig. 65, HU.), or upper-arm- 
bone, in the fore-limb, the femur (Fig. 65, FE.) or thigh-bone, in the hind- 
limb. In the middle division there are two elongated bones, an anterior, the 
radius (RA.), and a posterior, the ulna (UL.), in the fore-limb ; an anterior, 
the tibia (TL), and a posterior, the fibula (FL), in the hind-limb. Next follow 
the bones of the hand and foot, which are again divisible into three sets : 
carpals or wrist-bones, mMacarpah (mtep.) or hand-bones, the phalanges 

1 See Goodrich. Vertebrata Craniata, 1909* 
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(ph.) or finger-bones, in the fore-limb; tarsals or ankle-bones, metatarsals 
(mtts.) or foot-bones, and phalanges (ph.) or toe-bones, in the hind-limb. 
The carpals and tarsals consist typically of three rows of small nodules of bone 
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Fig. 65. — Diagrams of (A) the pectoral and (B) pelvic girdles and (C) generalised hand and 
foot of a Tetrapod. actb. acet abul um ; gl. glenoid cavity ; p, cor. pre-coracoid ; SOP. scapula ; 
0L« clavicle ; COR. coracoid : HU. humerus ; of shoulder blade. FE. femur ; Hi, ilium ; XS. 
ischium ; PU. pubis ; of pelvic girdle. Bones of the fore limb are underlined. 

or cartilage, the proximal row containing three, the middle two, and the distal 
five elements. The three proximal carpals are called respectively radiate 
(ra.), intermedium (int.), and ulnar e (ul.), those of the middle row the first and 
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second centralia (cn. 1, cn« 2), those of the third row the five distalia (dst. 1-5), 
the separate elements being distinguished by numbers, counting from the 
anterior or radial edge of the limb. In the tarsus the bones of the first row are 
known respectively as tibiale (ti.), intermedium (int.), and fibulare (fl.), those 
of the second row as centralia (cn. 1, cn. 2), and those of the third as distalia 
(dst. 1-5). The metacarpals (mtcp. 1-5) and metatarsals (mtts. 1-5) are five 
rod-like bones, one articulating with each distale : they are followed by the 
phalanges (ph.), of which each digit may have from one to five. The first 
digit of the fore-limb (Fig. 65, I) is distinguished as the pollex or thumb, 
that of the hind-limb (Fig. 65, /) as the hallux or great toe ; the fifth digit of 
each limb [L) is the minimus. 

In connection with the paired appendages are formed supporting structures 
called the limb-girdles ; they occur in the portions of the trunk adjacent to 
the appendages and serve for the articulation of the latter. In the embryonic 
condition they are continuous with the basalia and are probably to be looked 
upon as ingrowths of the primitive fin-skeleton (Fig. 63). The shoulder- 
girdle or pectoral arch has primarily the form or paired bars, which may unite 
in the middle ventral line so as to form an inverted arch. Each bar — i,e, 
each half of the arch — furnishes a concave or convex glenoid surface (Fig. 65, 
gl) for the articulation of the pectoral fin or fore-limb, and is thereby divided 
into two portions — a dorsal or scapular region, above the glenoid surface, and a 
ventral or coracoid region below it. The coracoid region is again divisible, in 
all classes above Fishes, into two portions : an anterior, the pro-coracoid 
(p, cor,), and a posterior, the coracoid proper. Each of these regions commonly 
ossifies — a replacing bone, the scapula (SCP.), appearing in the scapular region, 
another, the coracoid (COR.). in the coracoid region, while in relation with the 
pro-coracoid is formed a bone, the clavicle [CL), largely or entirely developed 
independently of pre-existing cartilage. 

The constitution of the hip-girdle, or pelvic arch, is very similar. It consists 
originally of paired bars, which may unite in the middle ventral line, and are 
divided by the acetabulum (Fig. 65, acib.), the articular surface for the pelvic 
fin or hind-limb, into a dorsal or iliac region, and a ventral or pubo-ischial 
region, the latter being again divisible, in all classes above Fishes, into an 
anterior portion, or pubis, and a posterior portion, or ischium. Each region 
is replaced in the higher forms by a bone, the pelvic girdle thus consisting of a 
dorsal Uium (IL.) serially homologous with the scapula, an antero-ventral 
pubis (PU.) with the pro-coracoid and clavicle, and a postero-ventral ischium 
(IS.) with the coracoid. The long bones of the limbs are divisible each into a 
shaft, and proximal and distal extremities. When ossification takes place the 
shaft is converted into a tubular bone, the cattUaginous axis of which is ab- 
sorbed and replaced by a vascular fatty tissue called marrow. The extremities 
become simply calcified in the lower forms, but in the higher a distinct centre 
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of ossification may appear in each, forming the epiphysis, which finally becomes 
ankylosed to the shaft. 

Digestive Organs. — ^The enteric canal is divisible into buccal cavity (Fig, 
57, A, bite, c.), pharynx {ph.), gullet, stomach (sL), and intestine {int.), the latter 
often communicating with the exterior by a cloaca {cl.), which receives the 
urinary and genital ducts. The buual cavity is developed from the stomodaeum 
of the embryo : the proctodaeum gives rise to a very small area in the neigh- 
bourhood of the anus, or, when a cloaca is present, to the external portion of 
the latter; adl the rest of the canal is formed from the mesenteron, and is 
therefore lined by an epithelium of endodermal origin. The pharynx com- 
municates with the exterior, in Fishes and in the embryos of the higher forms, 
by the gill-slits {i. hr. a, i-y) ; it communicates with the stomach by the gullet. 
The stomach (st.) is usually bent upon itself in the form of a U ; the intestine 
{int.) is generally more or less convoluted ; hence the stomach and intestine 
are together considerably longer than the enclosing abdominal cavity. In 
the embryo the intestine is sometimes continued backwards into the haemal 
canal by an extension called the post-anal gut {p. a. g.), which may perhaps 
indicate that the anus has shifted forwards in the course of evolution. 

The epithelium of the buccal cavity is usually many-layered, like that of 
the skin, of which it is developmentally an in-tumed portion ; the pharynx 
and gullet have also a laminated epithelium, but the rest of the canal is lined by 
a single layer of cells underlaid by a layer of connective-tissue, the deeper 
part of which is called the sub-mucosa ; epithelium and connective-tissue to- 
gether constitute the mucous membrane. The mucous membrane of the stomach 
and sometimes of the intestine usually contains close-set tubular glands ; 
those of the stomach, the gastric glands, secrete gastric juice, which acts upon 
the proteid portions of the food only ; the secretion of the intestinal glands 
digests proteids, starch, and fats. Outside the mucous membrane are layers 
of unstriped muscle, usually an internal circular and an external longitudinal 
layer. Externally the intra-coelomic portion of the canal is invested by 
peritoneum formed of a layer of connective-tissue next the gut and a single- 
layered ccelomic epithelium facing the body-cavity. 

In connection with the enteric canal certain very characteristic structures 
are developed. In the mucous membrane of the mouth calcifications in most 
cases appear and form the teeth, which usually occur in a row along the ridge 
of each jaw, but may be developed on the roof of the mouth, on the tongue, 
and even in the pharynx, A tooth is usually formed of three tissues — derUine, 
enamel, and cement. The main bulk of the tooth is made up of dentine (Fig. 
66, A, ZB), which occurs under three forms. Hard dentine consists of a 
matrix of animal matter strongly impregnarted with lime-salts and permeated 
by delicate, more or less parallel, tubules containing organic fibrils. Vaso~ 
dentine is permeated with blood-vessels, and consequently appears red and 
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moist in the fresh condition. Osteo-dentine approaches bone in its structure 
and mode of development. The free surface of the tooth is usually capped by 
a layer of enamel (ZS), a dense substance, either structureless or presenting 
a delicate fibrillation, containing not more than 3 to 5 per cent, of animal 
matter, and being, therefore, the hardest tissue in the body. The cement 
(ZC) coats that portion of the tooth which is embedded in the tissues of the 
jaw, and sometimes forms a thin layer over the enamel ; it has practically the 
structure of bone. At the inner end of the tooth there is frequently an aperture 
(PH') leading into a cavity (PH) filled in the fresh condition by the tooth-pulp, 


B 



Fig. 66. — A, longitudinal section of a tooth, semi-diagrammatic. PH, pulp-cavity; PH\ 
opening of same ; ZB, dentine ; ZC, cement ; ZS, enamel. B, longitudinal section of developing 
tooth. Bg, submucosa ; DS, dentine ; Ma, invaginated layer of enamel-organ ; ME, epithelium 
of mouth ; O, odontoblasts ; SK, stalk of enamel-organ ; ZK, tooth-papilla. (From Wieder- 
sheim’s Vertebrata.) 


a sort of connective-tissue plug abundantly supplied with nerves and blood- 
vessels. 

In the development of a tooth (Fig. 66, B) the deep layer of the buccal 
epithelium becomes invaginated and grows inwards into the sub-mucosa in 
the form of a narrow cord, the enamel-organ {SK). The distal end of this 
enlarges into a flask-like form, and the bottom of the flask becomes invaginated 
{Ma) by the growth of a conical process of the sub-mucosa, the dental papilla 
{ZIQ. Mesoderm cells accumulate on the free surface of the papilla and form 
a distinct layer of cells called odontoblasts (O) . From these the dentine is formed 
in successive layers, which gradually accumulate between the layer of odonto- 
blasts and the inner or invaginated layer of the enamel-organ. The lower, or 
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proximal, part of the papilla remains uncalcified and forms the tooth-pulp. 
The enamel is formed by the deposition of successive layers of calcific matter 
from the inner or invaginated layer of the enamel-organ, the cement by the 
ossification of the tissue immediately surrounding the papilla. Thus the tooth 
is partly of ectodermal, partly of mesodermal origin. 

In some Fishes the scales or elements of the dermal exoskeleton pass 
insensibly into the teeth over the ridges of the jaws, and agree with them in 
structure, so that there can be no doubt as to the homology of the two. Teeth 
are, in fact, to be looked upon as portions of the exoskeleton which have 
migrated from the skin into the buccal cavity, and even into the pharynx, 
and have there increased in size and assumed special functions. 

The tongue is a muscular elevation of the floor of the mouth, supported by 
the basi-hyal, and usually more or less protrusible. The roof of the buccal 
cavity in the embryo sends off a pouch, the pituitary diverticulum (Fig. 57, A , 
pty. s.), which grows upwards, and, losing its connection with the mouth, 
becomes attached to the ventral surface of the brain as the pituitary body 
{pty. b.). It may correspond with the neural gland of Urochorda. 

In terrestrial Craniata buccal glands are present, opening by ducts into the 
mouth : the most important of these are the racemose salivary glands, which 
secrete a digestive fluid — saliva, capable of converting starch into sugar. 
There are also two large and highly characteristic digestive glands in the 
abdominal cavity, both developed as outpushings of the intestine, but differing 
greatly from one another in their fully developed state, both in outward 
appearance and in histological structure : these are the liver and the pancreas. 

The liver (Fig. 57, A , Ir.) is a dark-red organ of relatively immense size : 
it not only secretes a digestive juice, the bile, which has the function of emulsi- 
f5nng fats, but also forms an amyloid substance called glycogen or animal 
starch, which, after being stored up in the liver-cells, is restored to the blood 
in the form of sugar. The liver is formed of a mass of polyhedral cells 
(Fig. 67, 1 .) with minute intercellular spaces which receive the bile secreted 
from the cells and from which it passes to the ducts (fi.). The pancreas 
(Fig. 57, A, pn.) is a racemose gland, and secretes pancreatic juice which acts 
upon proteids, starch, and fats. The ducts of both glands usually open into 
the anterior end of the intestine : that of the liver (6. d.) generally gives off a 
blind offshoot ending in a capacious dilatation, the gall-bladder {g. b.) in which 
the bile is stored. We thus have one or more hepatic ducts conveying the bile 
from the liver and meeting with a <ystic duct from the gall-bladder, while from 
the junction a common bile-duct leads into the intestine. 

Another important and characteristic organ in the abdomen of Craniata 
is the spleen (spl.), a gland-like organ of variable size and shape, attached to 
the stomach by a fold of peritoneum, but having no duct. It is fonned of a 
pulpy substance containing numerous red blood-corpuscles, many of them in 
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process of disintegration : dispersed through the pulp are masses of leucocytes 
which multiply and pass into the veins. 

Two other ductless glands are formed in connection with the enteric canal. 
The thyroid {thd.) is developed as an outpushing of the floor of the pharynx 
which becomes shut off, and forms, in the adult, a gland-like organ of consider- 
able size. Its final position varies considerably in the different classes. It 
has been compared with the endostyle of Tunicata and of Amphioxus, which, 
as will be remembered, is an open groove on the ventral side of the pharynx. 
This view is supported by the condition of the parts in the larval Lamprey 


(see Cyclostomata). 

The thymus is developed from 
the epithelium of the dorsal ends 
of the gill-clefts : in the adult it 
may take the form of a number 
of separate gland-like bodies lying 
above the gills, or may be situated 
in the neck or even in the thorax. 
The thymus and thyroid, by virtue 
of internal secretions which they 
produce, and which mingle with 
the blood, control and modify the 
physiological condition of various 
organs and tissues with which they 
have no immediate anatomical 
connection. 



Fig. 67. — Diagra.ni of structure of liver, b. a 
small branch of hepatic duct; b'. its ultimate 
termination in the intercellular spaces ; c. blood- 
capillaries; 1. liver-cells. (From Huxley’s Physi- 
ology.) 


The whole intra-abdominal portion of the enteric canal, as well as the 
liver, pancreas, spleen, and, indeed, all the abdominal viscera, are supported 
by folds of peritoneum, called by the general name of mesentery (Fig. 57, C, 
mes.) and having the usual relation to the parietal and visceral layers of the 
peritoneum. 


Two kinds of respiratory organs are found in Craniata : water-breathing 
organs or gills, and air-breathing organs or lungs. 

Glllg arise as a series of paired pouches of the pharynx which extend out- 
wards, or towards the surface of the body, and finally open on the exterior 
by the gill-slits already noticed. Each giU-pouch thus communicates with the 
pharynx by an internal (Fig. 68), with the outside water by an external 
branchial aperture, and is separated from its predecessor and from its successor 
in the series by stout fibrous partitions, the interbranchial septa (Fig. 68, i. b. s.). 
The mucous membrane forming the anterior and posterior walls of the pouches 
is raised up into a number of horizontal ridges, the branchial filaments {br. /.), 
which are abundantly supplied with blood. A current of water entering at 
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the mouth passes into the pharynx, thence by the internal gill-slits into the 
gill-pouches, and finally makes its way out by the external gill-slits, bathing 
the branchial filaments as it goes. The exchange of carbonic acid for oxygen 
takes place in the blood-vessels of the branchial filaments, which are, there- 
fore, the actual organs of respiration. It will be noticed that the respiratory 
epithelium is endodermal, being derived from that of the pharynx, which, as 
we have seen, is a portion of the mesenteron. 



Fig. 68. — ^Diagrammatic horizontal section o£ the phapmgeal region of a Oianlate. On the 
left are shown three gill pouches {G.P.) with fixed branchial filaments (the lamellar type) separ- 
ated by interbranchial septa (I.B.S.). On the right are three gills showing stages in the evolution 
of the filamentar type found in fishes other than the Chondrichthyes. A, Ceratodus; B, 
A cipenser ; C, a Teleost. The nostril on the left side represents that of an Elasmobranch. 

The skeletal supporting elements are in black. 


As already mentioned, the walls of the pharynx are supported by the 
visceral arches, which surround it like a series of incomplete hoops, each half- 
arch or visceral bar being embedded in the inner or pharyngeal side of an 
interbranchial septum. Thus the visceral arches (w. b.) alternate with the gill- 
pouches, each beii^ related to the posterior set of filaments of one pouch and 
the anterior set of the next. In the higher Fishes, such as the Trout or Cod, 
the interbranchial septa becc«ne reduced to narrow bars enclosing the visceral 
ardies (right side of Fig. 68, C) , with the result that a double set of free branchial 
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lilamenls springs from each visceral bar and constitutes what is called a single 
gill. Thus an entire gill or holobranch (hi. br.) is the morphological equivalent 
of two half-gills — hemibranchs (hm. br.), or sets of branchial filaments belonging 
to the adjacent sides of two consecutive gill-pouches. On the other hand, a 
gill-pouch is equivalent to the posterior hemibranch of one gill and the anterior 
hemibranch of its immediate successor. 

In some Amphibia water-breathing organs of a different kind are found. 


E 




Cb.C. 


•rZ. 



Fig. 69. — Diagrams illustrating the lung in fishes as seen from the left side, ^.primitive 
symmetrical arrangement ; B, Polypterus ; C, Oeratodus ; D, Physostomatous Teleost ; 
Physoclistic Teleost; a.c. alimentary canal; g, glottis; l.l. left lung; r.h, right lung. (From 
Goodrich after Kerr, J. G., Zoology, 1921.) 


These are the external gills : they are developed as branched outgrowths of the 
body-wall in immediate relation with the gill-slits, and differ from the internal 
gills just described in having an ectodermal epithelium. 

Lungs (Fig. 57, A, Ig.) are found in all Craniata from the Dipnoi upwards. 
They ate developed as a hollow outpushing from the ventral wall of the 
embryonic fore-gut or anterior part of the enteric canal ; this passes backwards 
and upwards, usually dividing into right and left divisions, and finally coming 
to lie in the dorsal region of the coelome. The inner surface of the single or 
double lung thus formed is raised into a more or less complex network of ridges 
so. as to increase the surface of blood exposed to the action of the air ; and, in 
the higher forms, the ridges, increasing in number and complexity, and uniting 



88 


ZOOLOGY 


with one another across the lumen of the lung, convert it into a sponge-like 
structure. The respiratory epithelium is, of course, endodermal. Since the 
lungs are blind sacs, some contrivance is necessary for renewing the air con- 
tained in them : this is done either by a process analogous to swallowing or by 
the contraction and relaxation of the muscles of the trunk. 

In " bony " Fishes there occurs, in the position occupied in air-breathers by 
the lungs, a structure called the air-bladder (Fig. 69), which contains gas, and 
serves as an organ of flotation. The air bladder, like the lungs, from a primi- 
tive form of which it is derived, is developed as an outgrowth of the fore-gut. 
It arises, however, with very few exceptions, from the dorsal instead of the 
ventral side of the gut. In many cases the air-bladder loses its connection 
with the phar3mx and becomes a closed sac. The Chondrichthyes never at any 
period had an air bladder. Some teleosts have secondarily lost it. 

The blood-vaseular system attains a far higher degree of complexity than 
in any of the groups previously studied : its essential features will be best 
understood by a general description of the circulatory organs of Fishes. 

The heart (Figs. 57 and 70) is a muscular organ contained in the pericardial 
cavity and composed of three chambers, the sinus venosus (s. v.), the atrium {au.), 
and the ventricle (i>.), which form a single longitudinal series, the hindmost, the 
sinus venosus, opening into the atrium, and the atrium into the ventricle. 
They do not, however, lie in a straight line, but in a zigzag fashion, so that the 
sinus and atrium are dorsal in position, the ventricle ventral. Usually a fourth 
chamber, the conus arteriosus {c. art.), is added in front of the ventricle. The 
various chambers are separated from one another by valvular apertures (Fig. 
71) which allow of the flow of blood in one direction only, viz. from behind 
forwards — that is, from sinus to atrium, atrimn to ventricle, and ventricle to 
conus. The heart is made of striped muscle 6f a special kind — the only 
involuntary muscle in the body having this histological character — ^which is 
particularly thick and strong in the ventricle. It is lined internally by 
epithelium and covered externally by the visceral layer of the pericardium. 

Springing from the ventricle, or from the conus when that chamber is 
present, and passing directly forwards in the middle line below the gills, is a 
large, thick-walled, elastic blood-vessel, the ventral aorta (Figs. 57, B, and 
70, V. ao.). At its origin, which may be dilated to form a hdbus arteriosus, 
are valves so disposed as to allow of the flow of blood in one direction only, 
viz. from the ventricle into the aorta. It gives off on each side a series of 
half-hoop-like vessels, the afferent branchial arteries {a. br, a.), one to each gill. 
These vessels ramify extensively, and their ultimate branches open into a 
network of microscopic tubes or capillaries (Fig. 71, G), haying walls formed 
of a single la3rer of epithelial cells, which permeate the connective-tissue layer 
of the branchial filaments, and have therefore nothing between thm and the 
surrounding water but the epithelium of the filaments. The blood, driven by 
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the contractions of the heart into the ventral aorta, is pumped into these 
respiratory capillaries, and there exchanges its superfluous carbonic acid for 
oxygen. It then passes from the capillaries into another set of vessels which 
join with one another, like the tributaries of a river, into larger and larger 
trunks, finally uniting in each gill, into an efferent branchial artery {e. hr. a.). 
The efferent arteries of both sides pass upwards and discharge into a median 
longitudinal vessel, the dorsal aorta {d. ao.), situated immediately beneath the 
notochord or vertebral column. From this trunk, or from the efferent branchial 
arteries, numerous vessels, the systemic arteries, are given off to all parts of the 





Fig. 71. — Diagram illustrating the course of the circulation in a Pish. Vessels containing 
aSrated blood red, those containing non-a6rated blood blue, lymphatics black. B, capillaries of 
the body generally ; E, of the enteric canal : G, of the gills ; K, of the kidneys ; L, of the liver ; 
T, of the tail. a. hr, a, afferent branchial arteries ; au, atrium ; c. a. conus arteriosus ; d, ao, 
dorsal aorta ; e, hr, a. efferent branchial arteries ; h, p. v. hepatic portal vein ; h. v. hepatic vein ; Ic. 
lacteals ; ly. lymphatics ; pr. cv. v. precaval veins ; r, p, v. renal portal veins ; s, v. sinus venosus ; 
V, ventricle ; v. ao, ventral aorta. The arrows show the direction of the current. (From Parker’s 
Elementary Biology,) 

body, the most important being the carotid arteries (Fig. 70, c. a.) to the head, 
the subclavian {scl. a.) to the pectoral fins, the coeliac [cl, a.) and mesenteric 
[ms. a.) to the stomach, intestine, liver, spleen, and pancreas, the renal [r. a.) 
to the kidneys, the spermatic [sp. a.) or ovarian to the gonads, and the iliac 
[il. a.) to the pelvic fins. After giving off the last the aorta is continued as 
the caudal artery [cd. a.) to the end of the tail. 

With the exception of the capillaries, all the vessels described in the pre- 
ceding paragraph, including the dorsal and ventral aortse, are arteries. They 
are firm, elastic tubes, do not collapse when empty, usually contain but little 
blood in the dead animal, and serve to carry the blood from the heart to the 
body generally. 

The systemic arteries branch and branch again into smaller and smaller 
trunks, and finally pour their blood into a capillary network (Fig. 71, B, K, 
and T) with which all the tissues of the body, except epithelium and cartilage, 
are permeated. In these systemic capillaries the blood parts with its oxygen 
and nutrient constituents to the tissues, and receives from them the various 



PHYLUM CHORDATA 


91 


products of destructive metabolism — carbonic acid, water, and nitrogenous 
waste. The systemic, like the respiratory, capillaries are microscopic, and 
their walls are formed of a single layer of epithelial cells. 

We saw that the respiratory capillaries are in connection with two sets of 
vessels, afferent and efferent. The same applies to the systemic capillaries, 
with the important difference that their efferent vessels are not arteries, but 
thin-walled, non-elastic, collapsible tubes called veins. They receive the 
impure blood from the capillaries, and unite into larger and larger trunks, 
finally opening into one or other of the great veins, presently to be described, 
by which the blood is returned to the heart. As a general rule the vein of any 
part of the body runs parallel to its artery, from which it is at once distinguished 
by its wider calibre, by its dark colour — due to the contained bluish-purple 
blood seen through its thin walls, by being gorged with blood after death, by 
the complete collapse of its walls when empty, and by its usually containing 
valves. In some cases the veins become dilated into spacious cavities called 
sinuses ; but sinuses without proper walls, such as occur in many Invertebrates, 
are never found in the Craniata. 

The veins from the head join to form large, paired jugular veins (Fig. 70, 
j. V.) which pass backwards, one on each side of the head, and are joined by the 
cardinal veins {crd. v.) coming from the trunk, each jugular uniting with the 
corresponding cardinal to form a large precaval vein {pr. cv. v.) which passes 
directly downwards and enters the sinus venosus. The blood from the tail 
returns by a caudal vein {cd. w.), lying immediately below the caudal artery in 
the haemal canal of the caudal vertebrae (Fig. 57, D). On reaching the 
coelome the caudal vein forks horizontally, and the two branches either become 
directly continuous with the cardinals or pass one to each kidney under the 
name of the renal portal veins (Fig. 70, r. p. v.). In the kidneys they break up 
into capillaries (Fig. 71, K), their blood mingling with that brought by the 
renal arteries and being finally discharged into the cardinals by the renal veins 
(Fig. 70, r. V.). Thus the blood from the taiil may either return directly to 
the heart in the normal manner or may go by way of the capillaries of the 
kidneys. In the latter case there is said to be a renal portal system, the essential 
characteristic of which is that the kidney has a double blood-supply, one of 
pure blood from the renal artery, and one of impure blood from the renal 
portal vein ; in other words, it has two afferent vessels, an artery and a vein, 
and the latter is further distinguished by the fact that it both begins and ends 
in capillaries instead of beginning in capillaries and ending in a vein of higher 
order. 

The blood from the gonads is returned to the cardinals bj^ veins called 
spermatic {sp. v.) in the male, ovarian in the female. That from the paired fins 
takes, in what appears to be the most typical case, a somewhat curious course. 
On each side of the body there is a lateral vein (lat. v.), running in the body-wall 
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and following the course of the embryonic ridge between the pectoral and 
pelvic fins. It receives, anteriorly, a subclavian vein {scl. v.) from the pectoral 
fin, and posteriorly an iliac vein {il. v.) from the pelvic fin, and in front pours its 
blood into the precaval. 

The veins from the stomach, intestine, spleen, and pancreas join to form 
a large hepatic portal vein (A. p. v.), which passes to the liver and there breaks 
up into capillaries, its blood mingling with that brought to the liver by the 
hepatic artery {h. a.), a branch of the coeliac. Thus the liver has a double blood- 
supply, receiving oxygenated blood by the hepatic artery, and non-oxygenated 
but food-laden blood by the hepatic portal vein (Fig. 71 L). In this way we 
have a hepatic portal system resembling the renal portal system both in the double 
blood-supply, and in the fact that the afferent vein terminates, as it originates, 
in capillaries. After circulating through the liver the blood is poured, by 
hepatic veins {h. v.), into the sinus venosus. The hepatic, unlike the renal 
portal system, is of universal occurrence in the Craniata. 

In the embryo there is a sub-intestinal vein, corresponding with that of 
Amphioxus, and lying beneath the intestine and the post-anal gut. Its 
posterior portion becomes the caudal vein of the adult, its anterior portion one 
of the factors of the hepatic portal vein. 

To sum up : — The circulatory organs of the branchiate Craniata consist of 
(a) a muscular organ of propulsion, the heart, provided with valves and driving 
the blood into (6) a set of thick-walled elastic, afferent vessels, the arteries, from 
which it passes into (c) a network of microscopic vessels or capillaries which 
permeate the tissues, supplying them with oxygen and nutrient matters and 
receiving from them carbonic acid and other waste products : from the 
capillary network the blood is carried off by (d) the veins, thin-walled, non- 
elastic tubes by which it is returned to the heart. Thus the general scheme of 
the circulation is simple : the arteries spring from the heart, or from arteries 
of a higher order, and end in capillaries ; the veins begin in capillaries and end 
in vessels of a higher order or in the heart. Actually, however, the system is 
complicated (a) by the interposition of the gills in the com^ of the outgoing 
current, as a result of which we have arteries serving as both afferent an,d 
efferent vessels of the respiratory capillaries, the efferent arteries taking their 
origin in those capillaries after the manner of veins; and (b) by the inter- 
position of two important blood-purif3dng organs, the Uver and the kidney, 
in the course of the returning current, as a result of which we have veins acting 
as both afferent and efferent vessels of the hepatic and renal capillaries, the 
afferent vessels of both organs ending in capillaries after the fashion of arteries. 

In the embryos of the higher, or air-breathing, Craniata, the circulatory 
organs agree in essentials with the above description, the most important 
difference being that, as no gills are present, the branches of the ventral aorta 
do not break up into capillaries, but pass directly into the dorsal aorta, forming 
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the aortic arches (Fig. 72, Ab,). With the appearance of the lungs, however, a 
very fundamental change occurs in the blood-system. The last aortic arch of 



each side gives off a pulmonary artery (Fig. 73, 
Ap,) to the corresponding lung, and the blood, 
after circulating through the capillaries of that 
organ, is returned by a pulmonary vein {Ir,), 
not into an ordinary systemic vein of higher 
order, but into the heart directly : there it 
enters the left side of the auricle, in which 
a vertical partition is developed, separating a 
left auricle (4^), which receives the aerated 


B 



Fig. 73 . — ^l’)iagram of the heart A, in an Amphjjbian; 
B, in a Crocodile. A, right auricle; left auricle; 
Ap, pulmonary artery; Ir. pulmonaiy vein; RA, aortic 
arches ; V. ventricle ; V^. left ventricle ; v, v, and Ve, 
Ve. pre- and post-cavals. (From Wiedersheim's Verier 
braia.) 

blood from the lungs, from a ri^t auricle [A)^ 
into which is poured the impure blood of the 
sinus venosus. Lastly, in Crocodiles, Birds, 


Fig. 72. — ^Diagram of the vascular 
system in the embryo of an air- 
breathing Craniate. A. dorsal aorta 
and auricle; Ah. aortic arches; Acd, 
caudal artery ; All. allantoic arteries ; 
Am, vitelline arteries; R, ventral 
aorta; c, c\ carotid arteries; D, 
precaval veins ; Ic, E. iliac arteries ; 
He. cardinal veins; KL. gill-clefts; 
RAt S, S^. roots of dorsal aorta ; S 6 , 
subclavian arteries; 56^. subclavian 
veins; V. ventricle; VC, ju^lar 
vein ; Vm. vitelline veins. (From 
Wiedersheim’s Vertebrata.) 


and Mammals (B) the ventricle also becomes 
divided into right and left chambers, and we 
get a four-chambered heart, having right and 
left auricles and right and left ventricles : at 
the same time the conus arteriosus and sinus 
venosus cease to exist as distinct chambers. 
The left auricle receives aerated blood from 
the lungs and passes it into the left ventricle, 
whence it is propelled through the system : the 
right auricle receives impure blood from the 


system, and passes it into the right ventricle to be pumped into the lungs for 
agration. Thus the four-chambered heart of the higher Vertebrata is quite a 
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different thing from that of a Fish : in the latter the four chambers — sinus 
venosus, atrium, ventricle, and conus arteriosus — form a single longitudinal 
series, whereas in a Mammal, for instance, the four chambers constitute practic- 
ally a double heart, there being no direct communication between the auricle 
and ventricle of the right side, or respiratory heart, and those of the left side, or 
systemic heart The modifications undergone by the arteries and veins in the 
higher Vertebrata will be best considered under the various classes. 

It will be noticed that there is a sort of rough correspondence between the 
blood-vessels of Craniata and those of the higher Worms. The sub-intestinal 
vein, heart, and ventral aorta together form a ventral vessel, the dorsal aorta 
a dorsal vessel, and the aortic arches transverse or commissural vessels. The 
heart might thus be looked upon as a portion of an original ventral vessel, which 
has acquired strongly muscular waUs, and performs the whole function of 

propelling the blood. But in making such a 
A B comparison it has to be borne in mind that the 

direction of the current of the blood in the 
Craniata is exactly the opposite of that in 
the Annulata. 

The blood of Craniata is always red, and is 

Fig. 74. --Surface and edge views specially distinguished by the fact that the 
of red blood-corpuscles of Prog {A) ^ t 

and Man (B). nu. nucleus. (From haemoglobin tO whlch it OWeS itS COlour IS not 

Parker's Biology.) dissolved in the plasma as in most red-blooded 

Invertebrates, but is confined to certain cells 

called red blood-corpuscles (Fig. 74), which occur floating in the plasma in 

addition to, and in far greater numbers than, the leucocytes. They usually 

have the form of flat oval discs [A), the centre bulged out by a large nucleus 

{nu.), but in Mammals {B) they are bi-concave, non-nucleated, and usually 

circular. The red corpuscles do not perform amoeboid movements. 

The colour of the blood varies with the amount of oxygen taken up by the 

haemoglobin. When thoroughly aerated it is of a bright scarlet colour, but 

assumes a bluish-purple hue after giving up its oxygen to the tissues. Owing 

to the fact that oxygenated blood is usually found in arteries, it is often spoken 

of as arterial blood, while the non-oxygenated, purple blood, being usually 

found in veins, is called venous. But it must not be forgotten that an artery, 

e.g„ the ventral aorta or the pulmonary artery, may contain venous blood, 

and a vein, e.g., the pulmonary vein, arterial blood. The distinction between 

the two classes of vessels does not depend upon their contents, but upon their 

relation to the heart and the capillaries. 

In addition to the blood-vessels the circulatory system of Craniata contains 

lymph-vessels or lymphatics (Fig. 75, ly.). In most of the tissues there is a 

network of lymph-capillaries, interwoven with, but quite independent of, the 

blood-capiUaries. From this network lympjiatic vessels pass off, and finally 

discharge their contents into one or other of the veins. Many of the lower 
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Craniata possess spacious lymph-sinuses surrounding the blood-vessels ; and 
there are communications between the l3miphatics and the coelome by means 
of minute apertures or stomata. The lymphatics contain a fluid called lymph, 
which is to all intents and purposes hlooA minus its red corpuscles. The lymph- 
plasma consists of the drainage from the tissues : it makes its way into the 
lymph capillaries, and thence into the lymphatics, which are all efferent 
vessels, conveying the fluid from the capillaries to the veins. Leucocytes are 
added to the plasma in bodies, called lymphatic glands, which occuT in the 
course of the vessels. Valves may be present to prevent any flow of lymph 



Fig. 75. —Diagrammatical cross section of spinal cord. J, posterior funiculus; 2 , antero- 
lateral funiculus ; 3 , spinal ganglion of dorsal (sensory) root ; 4 , ventral (motor) root ; 5 , central 
canal; 6, anterior commissure; 7, ventral motor cells; 8 , ventral motor cells; 9, lateral 
nucleus ; jo, connector fibres. 

towards the capillaries, and in some cases the flow of the fluid is assisted by 
lymph-hearts, muscular dilatations in the course of certain of the vessels. Tlie 
Ijnnphatics of the intestine have an important function in the absorption of 
fats, and are known as lacteals (Ic.). 

The Nervous System attains in the higher vertebrates a structural com- 
plexity and functional co-ordination which are quite without parallel in the 
rest of the animal kingdom. As in other Chordata, it arises from a dorsal 
medullary groove ; the two edges of the groove fuse, forming a tube beneath them . 
This ectodermal tube sinks from the epidermis, becoming the longitudinal 
nerve-cord ; its cavity is the neuroccele or characteristic axial canal. 

So far the agreement with the lower Chordata is complete, but a funda- 
mental advance is seen in the fact that at an early period — ^before the closure 
of the medullary groove — the anterior end of the longitudinal cord undergoes 
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a marked dilation and forms the rudiment of the brain, the rest becoming the 
spinal cord. Moreover, £is growth goes on, a space appears in the mesoderm 
immediately surrounding the nervous system, and forms the neural or cerebro- 
spinal cavity already referred to (Fig. 57, c.s.c.), so that the longitudinal cord, 
instead of being solidly imbedded in mesoderm, lies in a well-marked and often 
spacious tube enclosed by the neural arches of the vertebrae, and in front by 
the cranium (Fig. 57, B-D). 

The' spinal cord (Fig. 76) is a thick-walled cylinder, continuous in front 
with the brain. It is traversed from end to end by the neuroccele, here a 



Fig. 76. — Transverse section of spinal cord, z, ventral fissure ; 2, dorsal fissure ; 3, central 
canal ; 4, 5, bridges connecting grey matter of right and left sides ; 6, 7, S, white matter ; 9, 
dorsal root of spinal nerve ; 10, ventral root, a, b. dorsal horn of grey matter ; c, Clarke's 
column ; e. ventral horn. (From Huxley’s Physiology.) 

narrow central canal lined by a ciliated epithelium derived from the superficial 
layer of in-tumed ectodermal cells. The cord is made up of two Hnds of 
tissue. Surrounding the central canal, and having a A- or X-shaped transverse 
section, is the grey matter ; it contains the nerve-cell nuclei and the synapses 
by which the nerve-impulses are passed on from one nerve-cell to the next. 
Superficial to the grey is the white matter, in which lie meduUated nerve- 
fibres running longitudinally, and so connecting various levels of the cord. 
Besides the conducting cells, the nerve-cord contains innumerable processes of 
supporting cells. 

From the sides of the cord the spinal nerves are given off ; one nerve is 
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given off to each somite, so that normally they arise in pairs. Each nerve 
runs out by two roots, a dorsal and a ventral. Each root arises from one of the 
horns of the grey matter, and the two mingle to form the trunk of the nerve, 
which emerges from the spinal canal usually between the arches of adjacent 
vertebrae. Nerve-cells of the dorsal root conduct to the cord somatic sensory 
impulses from the skin and segmented mesoderm, and viscerosensory impulses 
from the unsegmented (lateral plate) mesoderm and from the derivatives of 
the endoderm. Impulses are interrupted on the dorsal root by a synapse in 
the dorsal ganglion. The ventral root similarly is made up of visceral and 
somatic components, but it carries motor tracts from the cord : there is no 
ganglion. Although the ventral root never carries sensory fibres, the dorsal 
root may carry motor fibres. The visceral motor component separates from the 
trunk, near the origin of the latter, from two roots, and enters a sympathetic 
ganglion ; these ganglia are connected by paired longitudinal sympathetic 
trunks, which lie on each side of the aorta in the dorsal wall of the coelom. 
The post-ganglionic fibres may pass directly out from the ganglion to their 
terminations, or run some way along the sympathetic trunk first. The visceral 
motor system runs to the viscera, blood-vessels, etc., with the viscero-sensory 
system : the two together are termed the sympathetic system ; the viscero- 
motor alone is termed the autonomic system. The somatic motor fibres run 
directly to their terminations, instead of passing on the impulses to another 
nerve-cell at a synapse in a ganglion, as do the other components. 

As already mentioned, the anterior end of the embryonic nervous system 
undergoes, at a very early period, a marked dilation, and becomes distinguished 
as the brain (Fig. 77). Constrictions appear in the dilated part and divide it 
into three bulb-like swellings or vesicles, the fore-brain {A, f.b,), mid-brain 
{m.b.) and hind-brain [h.b.). The fore-brain then becomes divided into a 
telencephalon anteriorly and a diencephalon posteriorly ; the mid-brain is 
unaltered, and is termed the mesencephalon ; a commissure on the anterior 
dorsal area of the hind-brain, the cerebellum, becomes so enlarged as to form 
virtually another division of the brain in most vertebrates, and the remainder 
of the hind-brain is termed the myelencephalon or medulla oblongata. Addi- 
tional constrictions appear in the medulla oblongata, giving it a segmented 
appearance ; but they disappear as development proceeds, and, whatever may 
be their significance, they have nothing to do with the main divisions of the 
adult organ. The original cavity of the brain becomes correspondingly divided 
into communicating chambers or ventricles. 

The chief divisions are the first, third, and fourth ventricles, which are 
respectively in the telencephalon, diencephalon, and medulla. 

In some Fishes the brain consists throughout life of these five divisions 
only, but in most cases the prosencephalon grows out into paired lobes, the 
right and left cerebral hemispheres {I-L, c.h.), each containing a cavity, the 
lateral ventricle, which communicates with the third ventricle (3) by a narrow 
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passage, the foramen of Monro (f. m.). Moreover, each hemisphere gives off a 
forward prolongation, the olfactory bulb. In the embryo of some forms there 
is a median unpaired olfactory bulb, like that of Amphioxus. The part of the 
cerebral hemisphere with which the olfactory bulb is immediately related is 
the olfactory lobe {olf. 1 .). 

The brain undergoes further complications by the unequal thickening of 
its walls. In the medulla oblongata the floor becomes greatly thickened 
{D, H, K), while the roof remains thin, consisting of a single layer of epithelial 
cells, assuming the character therefore of a purely non-nervous epithelial layer 
(ependyme). In the cerebellum the thickening takes place to such an extent ' 
that the epicc ele is u sually o bliterated altogether. In the mid-brain the 
ventral wall is thickened in the form of two longitudinal bands, the crura 
cerebri {cr. crb.), the dorsal wall in the form of paired oval swellings, the optic 
lobes {opt. 1 .) ; extensions of the neurocoele into the latter form the optic 
ventricles {G, opt. v.) : the median portion of the mid-brain ventricle is then 
called the iter ( 1 .) or aqueduct of Sylvius. In the diencephalon the sides become 
thickened, forming p2dred masses, the optic thalami {D, F, o. th.), the roof 
remains for the most part in the condition of a thin membrane {ependyme) 
composed of a single layer of cells, but part of it gives rise to a very peculiar 
adjunct of the brain, the pineal apparatus. This originates as an outgrowth, 
which consists t5q)ically of two narrow diverticula, one in front of the other, 
the anterior being th.e parietal organ, the posterior the pineal organ or epiphysis : 
these two parts may be developed independently, or the latter may originate 
by outgrowth from the former. The parietal organ in the Lampreys and some 
Reptiles develops an eye-like organ, the pineal eye {pn. e.) at its extremity, but 
is vestigal or absent in most other Vertebrates. The epiphysis is eye-like 
{parapineal eye) only in Lampreys ; in other Vertebrates it is represented by a 
gland-like structure, the pineal body {pn. b.), connected by a hollow or solid 
stalk with the roof of the diencephalon. The term paraphysis is applied to a 
non-nervous outgrowth of the roof of the fore-brain developed in front of the 
epiph3rsis in the hinder region of the prosencephalon. The floor of the 
diencephalon grows downwards into a funnel-like prolongation, the infundi- 
bulum {inf.) : with this the pituitary diverticulum of the pharynx (p. 84) 
comes into relation, and there is formed, partly from the dilated end of the 
diverticulum, partly from the extremity of the infundibulum, a gland-like 
structure, the pituitary body or hypophysis {pt.), always ^tuated immediately 
in front of the anterior extremity of the notochord and between the diverging 
posterior ends’ of the trabeculae. The hypophysis in higher Craniates appears 
to be of the nature of a ductless, internally secreting gland. In lower Craniata 
it consists of two distinct glandular parts, the one {saccus vasculosus) situated 
more dorsally and formed as an outgrowth of the infundibulum, the other 
ipypophysis proper) ventral and arising from the pharyngeal diverticulum. 

The tekncephalon gxbws forward above the lamina terminalis, which lies 



100 


ZOOLOGY 


at the front end of the diencephalon and is the true anterior termination of the 
nerve-cord. T3^ically the telencephalon begins as a tube with thick lateral 
walls of nervous tissue and thin dorsal and ventral non-nervous walls 
(Fig. 77a I.). In most vertebrates the bulging out of the growing lateral 
walls enlarges the cayky of the ventricle, leaving a narrow membranous area 
dorsally and ventrally, which is soon largely obscured by transverse commissures 
(Fig. ^^a 2). During the further expansion of the telencephalon, there is a 
fusion of the inturned dorsal and ventral edges of each lateral wall, thus forming 
two cerebral hemispheres out of the unpaired end-brain vesicle (Fig. 77a 3). 




dorso-laleral 

wall 


vcn> ro -loleral 
woil 


roof 


d.d.w. 


v.-l.w. 



v.-l.w. 

Fig. 77A. 

But in some fishes, especially teleosts, the dorsal part of the lateral wall, the 
pallium, grows outwards and downwards over the thickened ventral lateral 
wall (Fig. 77« 4), In the teleosts this is carried so far that it forms a solid 
mass lying over the ventral part of the lateral wall. The roof of the ventricle 
is now formed by a huge expansion of the dorsal non-nervous wall uniting the 
medial edges of the pallium • (Fig. 77a 5). 

In the preceding description the brain has been described as if its parts 
were in one horizontal plane ; but, as a matter of fact, at a very early period 
of development the anterior part becomes bent down over the end of the noto- 

♦ It has also been held that the non-nervous roof of teleosts is developed by a degeneration of 
a part or the whole of the pallium ; the teleost bi^ain and the t^ical brain difier so greatly that it 
is difficult to determine such questions of homology, but the investigators who have studied the 
fore-brain tracts have generally agreed that liie teleost pallium is everted dorsally, while the 
typical pallium is introverted dorsally. 
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chord, so that the whole organ assumes a retort-shape, the axis ol the fore-brain 
being strongly inclined to that of the hind-brain. The bend is known as the 
cerebral flexure : it is really permanent, but, as the hemispheres grow forward 
parallel to the hind-brain and the floor of the mid- and hind-brain thickens, it 
becomes obscure, and is not noticeable in the adult. 

The brain, like the spinal cord, is composed of grey and white matter, but 
the grey matter either forms a thin superficial layer or cortex, as in the hemi- 
spheres and cerebellum, or occurs as ganglionic masses surrounded by white 
matter. 

The whole cerebro-spinal cavity is lined with a tough membrane, the dura 
mater, and both brain and spinal cord are covered by a more delicate invest- 
ment, the pia mater : the space between the two contains a serous fluid. In 
the higher forms there is a dehcate arachnoid membrane outside the pia, and in 
many cases the regions of the pia in immediate contact with the thin epithelial 
roofs of the diencephalon and medulla become greatly thickened and very 
vascular, forming in each case what is known as a choroid plexus. 

From the brain are given off the cranial or cerebral nerves. They are 
referred to as Nerves I — XII, as if they were a single series. This nomenclature 
is convenient, but has only a topographic basis. 

The majority of cranial nerves are each related to a particular myotome, 
and in primitive and embryonic forms are segmentally arranged. They 
contain components each having a functional unity. These segmental cranial 
nerves therefore develop in a manner essentially similar to the spinal nerves. 
But there are other cranial nerves which probably are not related to particular 
myotomes. 

The specialisation in the front end of vertebrates has made it difficult to 
recognise the primitive arrangement of cranial nerves. They are obscured by 
the growth, dorsally, of the brain and organs of special sense, and by the 
growth, ventrally, of the jaws and other visceral arches. It is important to 
remember that the segmentation of this visceral region is secondary, and 
therefore does not necessarily correspond to the fundamental segmentation of 
the head-somites. 

A typical segmental cranial nerve contains the following components : — 
dorsal root : 


somatic sensory 
viscerosensory 
special viscerosensory 
viscero-motor 
special viscero-motor 

ventral root : 
somatic motor 


from skin and muscle. 

from endodermal surfaces, visceral muscle, etc. 
from organs of taste, 
to blood-vessels, visceral muscle, etc. 
to jaw and visceral arch musculature which 
has become striped and voluntary. 

to cranial somites. 
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The confining of the viscero-motor component to the dorsal root is 
parallel to the condition in aU somites of Amphioxus, and may well be 
primitive. 

The nerves suppl5dng the acoustico-lateral system are usually included in 
tables of cranial nerve components as the special somatic sensory component ; 
this is a controversial matter, which is discussed below. 

The origin from the brain, the peripheral termination, and function of the 
cranial nerves will now be described, beginning anteriorly (Fig. 78). The 
acoustico-lateral system will be dealt with separately. 

The Olfactory Nerve (I). — ^A special sensory system running from the 
olfactory epithelium of the olfactory sac on each side, as a number of groups 
of fibres, the fila olfactoria, to the olfactory bulb. The olfactory tract is not 
a nerve, but a hollow outgrowth from the brain. 

In the nose of many air-breathing vertebrates, a special region of the 
olfactory sac is developed as the vomero-nasal organ, or organ of Jacobson ; it 
is innervated by a special branch of the olfactory nerve, for which in some 
forms there is a special development of the olfactory bulb. 

The nervus terminalis conveys sensory impulses from the skin and blood- 
vessels in the region medial to the olfactory bulbs. Its fibres run into the 
end-brain, and can be traced a long way posteriorly within the brain. 

The Optic Nerve (II). — This is not a true nerve, but a hollow outgrowth 
of the wall of the first primary vesicle from the chiasma in the ventral region 
of the diencephalon just in front of the infundibulum. Its nerve-cells run 
from the retina into the brain. 

The Oeulomotor Nerve (HI). — A motor nerve arising in the floor of the mid- 
brain to supply the inferior oblique and the inferior, internal, and superior 
rectus muscles of the eye. With this nerve run some visceral motor fibres 
through the ciliary ganglion which innervate the muscles of the ciliary process 
and iris forming the mechanism for acconunodation of the lens and contraction 
of the pupil. 

The Trochlear or Pathetic Nerve (IV ). — K motor nerve arising from the 
floor of the mid-brain behind the oculomotor to supply the superior oblique 
muscle of the eye. 

The Tr^eminal Nerve (V). — ^This large nerve arises from the side either of 
the medulla or of the pons in close contact not only with the roots of the seventh 
nerve, but also with some large tracts of the acoustico-lateralis system. It 
is therefore difficult to dissociate the parts of this complex without examining 
microscopic sections. 

The fifth nerve, soon after leaving the brain, enters the trigeminal or 
Gasserian ganglion. There are three main branches of the true trigeminal 
nerve, of which two are somatic sensory in function and the third is both sensory 
and motor. Above the origin of the true trigeminal nerve, the profundus 
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nerve runs out from the profundus ganglion’, it is frequently included in 
descriptions of the trigeminal nerve, as the ramus ophthalmicus profundus. It 
has two branches: one runs forward over the eye and is somatic sensory; 
the other joins the oculomotor nerve. 

The trigeminal proper sends one branch above the eye, the ramus ophthalm- 
icus superfidalis ; it sends one branch below the eye, the ramus maxillaris. 
The third main branch runs to the lower jaw as the mandibular branch. It 
has somatic sensory and viscero-motor fibres : the latter may be termed the 
masticator nerve. 

The Abducent Nerve (VI ). — A purely motor nerve arising from a column 
of cells in line with the nuclei of the oculomotor and trochlear nerves. It 
supplies the external rectus muscle and, in some forms, the retractor hulbce. 

The Facial Nerve (VII). — This is the first of the branchial nerves. The 
rami of each branchial nerve follow very similar courses. In Cyclostomes, 
each nerve has a branch to the dorsal skin area, a branch to the phar5mx, 
and a branch to a gill-arch : these have, respectively, somatic sensory, 
viscero-sensory, and combined somatic and viscero-sensory and viscero-motor 
components. 

In Gnathostomes, the somatic sensory components, and with them the 
dorsal branch, are reduced or absent ; on the other hand, each nerve sends a 
new branch, the pre-trematic, to the gill-arch next in front. Typically, there 
is now a pharyngeal, one or more pre-trematics, and one or more post-trematics. 
All three divisions carry viscero-sensory fibres, but there is also a viscero-motor 
component in the post-trematic. 

The facial nerve arises from the geniculate ganglion. Its pharyngeal branch, 
the palatine, runs above the palato-quadrate bar. The pre-trematic, or pre- 
spiracular, supplies the lower jaw in fishes, but appears to be reduced in 
tetrapods. 

The post-trematic, or hyomandibular, is in two main parts. An anterior 
branch (interior mandibular of fishes, inferior mandibular of amphibia and 
reptiles) also supplies the lower jaw : it is this branch which is usually believed 
to have become the chorda tympani of mammals. 

The posterior post-trematic {hyoidean or jugular nerve) carries the viscero- 
motor component. 

Iri mammals the facial nerve is mainly motor in function, serving the 
muscles of the hyoid arch, the platysma, and muscles of facial expression. 
The sensory part consists of the chorda tympani, containing fibres to the 
anterior two-thirds of the tongue and secretory fibres to the salivary glands 
of the mucous membrane of the snout. In the higher mammals the gustatory 
area, and the territory supplied by the sensory roots of the facial nerve have 
been considerably reduced, so that, as compared with a fish, the sensory function 
is smaller in extent than the motor. 
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The Auditory Nerve (VIII). — This is held to be a part of the acoustico- 
lateral system. 

The Glossopharyngeal Nerve (IX). — This nerve runs out under the auditory 
capsule from a ganglion which is distinct in lower forms, but closely apposed 
to that of the tenth in higher groups. Peripherally it is a t3^ical branchial 
nerve. Except in Elasmobranchs, it is usually connected to the seventh nerve 
by an anastomosis of viscero-sensory fibres {Jacobson’s anastomosis). 

The Vagus or Pneumogastrle Nerve (X ). — K very large nerve arising from 
the medulla by several roots. From it are given off nerves to the remaining 
gills, each nerve dividing into three branches which behave just like those of 
the ninth nerve. The nerve then continues down the body as the visceral 
branch to the oesophagus, stomach, heart, and swim-bladder or lung. 

The Spinal Accessory (XI). — This is part a of the vagus in fishes, but becomes 
a separate nerve in higher forms. In mammals its anterior or vagal portion 
.supplies the muscles of the larynx (the recurrent laryngeal nerve), and its 
posterior or spinal part runs to the muscles of the neck. 

The Hypoglossal Nerve (XII). — ^This nerve arises from the ventral aspect of 
the medulla in the manner of a ventral motor root of a spinal nerve. It is 
purely motor in function, and supplies the muscles of the tongue and occasion- 
ally certain neck-muscles. In the amphibia its place is taken by the most 
anterior root of the second cervical, the first cervical being suppressed. In 
the higher mammals the nerve arises by two or more rootle;ts from the ventral 
side of the posterior portion of the meduUa, and supplies the muscles of the 
tongue. It is formed by the fusion of roots from three or more precervical 
segments. 

We may now consider the relation between the nerves and the somites. 

Examination of primitive types has shown to which somite each segmental 
cranial nerve belongs, and has demonstrated that each head-somite has primi- 
tively a separate nerve-supply of all four components. This can be seen from 
the table on next page. 

As the table suggests, it is extremely probable that the oculomotor, troch- 
lear, and abducent hypoglossal nerves are the ventral roots to the first, second, 
and third somites respectively, and that the profundus, trigeminal, facial, and 
glosso-pharyngeal are the dorsal roots from the first, second, third, and fourth 
somites. 

In Petromyzon, the dorsal and ventral roots of somites immediately follow- 
ing the fifth are almost normally develdped. The hypoglossal is formed in 
Petromyzon by a peripheral anastomosis of the somatic motor roots of the 
somites above the posterior end of the branchial region. The vagus, however, 
still supplies the visceral components to all the gill-openings behind the first. 

The segmental system in the head is obscured in vertebrates more 
advanced than selachians, because each component tends to be especially 
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developed in one or two roots and to disappear in the rest. Thus the somatic 
sensory component of the trigeminal comes to supply the skin of most of the 
head, and to be correspondingly reduced in other cranial nerves. 


Table showing the Relation between Segmental Nerves and 
Somites of the Head 


NERVE. 

SOMITE 
to which the nerve 
runs. 

PETROMYZON. 

SELACHIAN. 

Ill 

First 



v.m. 

Oculomotor 


s.m. 

s.m. 

Vi 

First 

s.s. 

s.s. 

Profundus 


— 

v.s. 

IV 

Second 

s.m. 

s.m. 

Trochlear 




The rest of 


\ 


V 

Second 

s,s. 

s.s. 

Trigeminal 


v.ni. 

v.m. 

VI 

Third 

s.m. 

s.m. 

Abducent 




VII 


s.s. 

- r 

Facial 

Third 

v.s. 

v.s. 



v.m. 

v.m. 


These nerves are pre-otic in position ; the remainder, behind the ear region, are post-otic. 



Fourth 

— 

(fourth somite dis- 
appears) 

IX 

Fourth 

. 5 . 5 . 

[s.s, in a few cases) 

Glossopharyngeal 


V.S. 

v.s. 



V.m. 

v.m. 

First ventral spinal root 

Fourth and Fifth 

s.m. 

(fifth somite dis- 




appears) 

X 

Fifth 

s.s. 

(s.s. in a few cases) 



v.s. 

v.s. 

Vagus 


v.m. 

v.s. 

2nd ventral spinal root 

Sixth 

s.m. 

— 

of Cyclostomes : hypo- 




glossal of Gnatho- 

Sixth and several sub- 

s.m. 

s.m. 

stomes 

sequent somites 




S.S., V.S., v.m., s.fn.» indicate the presence of somatic sensory, viscero-sensory, viscero-motor, 
and somatic motor components, respectively. The table is a statement of the results of work by 
J, B. Johnston, Norris and Hughes, and J. Z. Young among more recent investigators. 

The two special visceral components are developed from normal visceral components in some 
segments and therefore are not specially mentioned in the table. 

See Johnston, J. B., Morph, Jahrb., vol, 34, 1905, pp. 149-203 ; Norris, H. W., and Hughes, 
■Sally B., Journ. Comp, Neurol,, vol- 31, 1920, pp. 293-404 ; Young, J. Z., g. /* Mior, 
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Some special points can now be considered. 

J. Z. Young has pointed out that the viscero-motor component only runs 
out with the ventral root in cases where the dorsal and ventral roots coalesce 
peripherally — that is, in the first cranial somite and in the spinal roots of 
Gnathostomes. Where the roots remain separate, as in somites after the first 
in the vertebrate head, the viscero-motor component runs out with the dorsal 
root. This condition is found in all somites of Amphioxus, and is probably 
primitive, as has been said. 

The. number of segments which compose a vertebrate " head,” and include 
the cranial nerves, is not the same throughout. It varies from four in the 
Cyclostomes to nine in some Elasmobranchs, six in modem Amphibia, and eight 
in Reptiles, Birds, and Mammals. Since modem Amphibia have only ten 
intracranial nerves, while some fossil forms had twelve, it is possible that the 
head of modem Amphibia has been secondarily reduced. 

If the dorsal roots of the head are held to be primitively intersegmental — 
which seems to be the condition in the tmnk — then the nervus terminalis might 
be considered the dorsal root in front of the first somite. The other dorsal 
roots would then belong to the intersegment behind the somite to which 
they ran. 

The Acoustico-Lateral System. — ^This consists of the lateral-line, 
vestibular, and auditory nerves; the two latter are believed to be special 
developments of the lateral-line system. 

The lateralis nerves are confined to the Agnatha, the fishes, and water- 
living Amphibia. They arise from two roots, one above the seventh nerve, 
and the other above the ninth and tenth nerves. Outside the brain they 
enter distinct lateralis gangUa. 

Peripherally, they are closely associated with some branch of the somatic 
sensory system, where there is one available. Stensib has shown, in the fossil 
Cyclostome Cephalaspis, that the lateralis nerves only joined segmental com- 
ponents some distance from the central nervous system. 

In the embryo it is found that the placodes which give rise to the lateralis 
nerves differ in position from those giving rise to all other sensory con^)onents. 
It is stated, however, that the laterahs placodes are at first segmental in 
position. 

It seems therefore reasonable to consider the lateralis system as a special 
somatic sensory component of the head ; but it remains doubtful whether this 
component develops in relation to the somites, or is primitively separate from 
the segmental cranial nerves. 

If the lateralis system is r^;arded as segmental, the superficial ophthalmic 
and buccal branch^ are considered an extension from the seventh nerve. All 
other lateralis branches are held to be components of the segmental nerves 
which they accompany from the brain (see Fig. 79). 
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covering the canal ; a,s, anterior region of scale ; ep. epidermis ; l,c, lateral-line canal ; l.n. lateral- 
line nerve ; w. nerve to sense organ ; op. external opening of canal ; p.s. posterior edge of scale ; 
s.o. sense organ in canal. 

II. Diagram of the head of Amia calva showing the system of lateral-line canals and their 
nerve supply (from Allis), b. buccal branch of facial nerve ; g, dorsal branch of glossopharyngeal ; 
h. hyomandibular branch of facial ; //. lateral-line of trunk ; Lv, lateral-line of vagus ; md. man- 
dibular canal ; ox. occipital canal ; p. pit organs on body ; po. postorbital canal ; p$. pit organs 
on the head, sob, sub-orbital canal; s.o.f. superior ophthalmic branch of facial, t. temporal 
canal. 
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Sympathetic System of the Head. — In Petromyzon a longitudinal sympa- 
thetic cord connects the seventh and tenth visceral sensory components ; it 
then runs back above the branchial region. In Selachians there is no such 
longitudinal connection. In some Teleosts there is a direct connection between 
both visceral components of each cranial segment ; it runs to all dorsal roots 
and to the oculomotor nerve. In Tetrapods also the cranial S3mipathetic 
nerves become linked up, but not in so direct a fashion. Presumably the 
longitudinal connections have been achieved independently in the three 
cases. 



Fig. 79. 

111 . Dorsal view of Pteroplataa vaienciennii, showing the great development of the lateral line 
organs in this species, de, endolymphatic openings ; pv, pectoral fin ; plv* pelvic fin ; sc. spine ; 
sp. spiracle. (From Goodrich, Vertebrata Craniaia, 1909.) 

Sensory Organs. — ^The whole surface of the body forms an organ of touch, 
but special tactile organs are more or less widely distributed. End-buds con- 
sist of ovoidal groups of sensory cells supplied by a special nerve : touch-cells 
(Fig. 80, A) are nerve-cells occurring in the dermis at the termination of a 
sensory nerve : touch-corpuscles {B) are formed of an ovoidal mass of connec- 
tive-tissue containing a ramified nerve, the terminal branches of which end 
in touch-cells : Pacittian corpuscles (C) consist of a terminal nerve-branch 
surrounded by a complex laminated sheath. Touch-corpuscles and Pacinian 
bodies are found only in the higher forms. 

In Fishes, characteristic sense-organs are present, known as the neuromast- 
organs or organs of the lateral-line. Extending along the sides of the trunk 
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and tail is a longitudinal streak, due to the presence either of an open groove 
or of a tube sunk in the epidermis, and continued on to the head in the form 
of branching grooves or canals (Fig. 79). These organs, and also certain 

B c 



Fig. 80. — A, tactile spot from skin of Frog* a, touch-cells; h, epidermis; N, nerve. B, 
tactile corpuscle from dermal papilla of htunail hand. a. connective-tissue investment ; h, 
touch-cells ; w, n\ n", nerve. C, Pacinian corpuscle from back of Duck. A, A^. neuraxis ; 
JK, central knob and surrounding cells ; L, Q, investing layers ; NS, medullary sheath of nerve- 
fibre. (From Wiedersheim's Vertebrata.) 


others in the form of pits or of unbranched canals, are lined with epithelium, 
some of the cells of which are arranged in groups, the neuromasts, and 
have the form characteristic of sensory cells produced at their free ends 
into hair-like processes : they are innervated by the lateral nerve, and in 

the head, by the seventh and 
sometimes also the ninth nerve. 
At their first appearance in the 
embryo the organs of the lateral 
line are distinct, s^;mentally- 
arranged patches of sensory epi- 
thelium in intimate connection 
with the ganglia of the third, 
fifth, seventh, ninth, and tenth 



Fig. 81. — A, vertical section of one of the papillae 
of the tongue of a Mammal, d. sub-mucosa ; e, epi- 
thelium; n, nerve-fibres; /. taste-buds. B, two 
taste-buds. c. covering cells shown in lower bud ; 
d, sub-mucosa ; e. epithelium of tongue ; m. sensory 
processes ; n. internal sensory cells shown in upper 
bud. (From Foster and Shore's Physiology,) 


nerves. Cutaneous sense-organs 
of the lateral-line S3rstem, having 
at first a metamme arrai^e'^ 
ment, also occur in the aquatic 
Amphibia. 
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The function of the neuromast-organs has been shown to be to enable the 
animal to detect vibrations in the water of too low a frequency to form a sound 
capable of perception by the ear. 

The sense of taste has for its special organs taste-buds (Fig. 8i), similar 
in general character to the end-buds in the skin, and composed of groups of 
narrow rod-shaped cells. In Fishes these are widely distributed in the mouth 
and branchial cavities, also on the outer surface of the head, and in some 
Fishes over almost the whole surface of the body. In higher Craniates they 



Fig. 82. — Epithelial 
cells of olfactory mucous 
membrane. A, of Lam- 
prey ; B, of Salamander. 
E, interstitial cells ; R, 
olfactory cells. (From 
Wiedersheim's Verte- 
hrata,) 



Fig. 83. — Diagrammatic horizontal section 
of the eye of IMlan. c, cornea; Ch. choroid 
(dotted) ; C. P, ciliary processes ; e. c. epi- 
thelium of cornea; e. cj. conjunctiva; f.o. 
yellow spot ; /. iris ; L. lens ; O. N. optic 
nerve ; os. ora serrata ; o — x. optic axis ; 
p. c. R. anterior non-visual portion of retina ; 
P. E. pigmented epithelium (black) ; R. retina ; 
sp. 1. suspensory ligament ; Scl. sclerotic ; V. H. 
vitreous chamber. (From Foster and Shore’s 
Physiology.) 


are chiefly confined to the epithelium of the tongue and soft palate, and are 
supplied mainly by branches of the glossopharyngeal. 

The oUaetory organ is t 3 q)ically a sac-like invagination of the skin of the 
snout, anterior to the mouth, and communicating with the exterior by an 
aperture, the external nostril. It is paired in all Craniata, except Cyclostomes, 
in which there is a single olfactory sac, supplied, however, by paired olfactory 
nerves. The sac is lined by the olfactory mucous membrane or Schneiderian 
membrane, the epithelium of which contains peculiar, elongated sensory cells 
(Fig. 82), their free ends often produced into hair-like processes. In the 
I>ipnoi and all higher groups the posterior end of each sac communicates with 
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the cavity of the mouth by an aperture called the posterior nostril, and an 
analogous communication occurs in the case of the unpaired organ of the 
Hags {vide p. 142). 

In many air-breathing Vertebrates there is formed an offshoot from the 
olfactory organ, which, becoming separated, forms a distinct sac lined with 
olfactory epithelium and opening into the mouth. This is Jacobson’s organ : 
it is supplied by the olfactory and trigeminal nerves. 

The paired eye is a more or less globular structure, lying in the orbit, and 
covered externally by a thick coat of cartilage or of dense fibrous tissue, the 
optic capsule or sclerotic (Fig. 83, Scl.). On the outer or exposed portion of 
the eye the sclerotic is replaced by a transparent membrane, the cornea (c.), 
formed of a peculiar variety of connective-tissue, and covered on both its outer 
and inner faces by a layer of epithelium. The whole external coat of the 
eye has thus the character of an opaque spherical case — the sclerotic, having 
a circular hole cut in one side of it and fitted with a transparent window, the 
cornea. The curvature of the cornea is not the same as that of the sclerotic ; 
the former is almost flat in Fishes, but bulges outwards in terrestrial Vertebrates. 

Lining the sclerotic is the second coat of the eye — the choroid (ch.) — formed 
of connective-tissue abundantly supplied with blood-vessels. At the junction 
of sclerotic and cornea, it becomes continuous with a circular membrane (/), 
placed behind but at some distance from the cornea, and called the iris. This 
latter is strongly pigmented, the colour of the pigment varpng greatly in 
different species, and giving, as seen through the transparent cornea, the 
characteristic colour of the eye. The iris is perforated in the centre by a 
circular or slit-like aperture, the pupil, which, in the entire eye, appears like 
a black spot in the middle of the coloured portion. Except in Fishes, the pupil 
can be enlarged by the action of a set of radiating unstriped muscle-fibres 
contained in the iris, and contracted by a set of circular fibres ; and the anterior 
or outer portion of the choroid, where it joins the iris, is thrown into radiating 
folds, the ciliary processes (C. P.), containing unstriped muscular fibres, the 
ciliary muscle. 

Lining the choroid and forming the innermost coat of the eye is a dehcate 
semi-transparent membrane, the retina (R.), covered on its outer or choroidal 
surface with a layer of black pigment {P. E.). It extends as far as the outer 
end« of the ciliary processes, where it appears to end in a wavy line, the ora 
serrata (0. s.) : actually, however, it is continued as a very delicate membrane 
{p. c. R.) over the ciliary processes and the posterior face of the iris. The optic 
nerve ( 0 . N.) pierces the sclerotic and choroid and becomes continuous with 
the retina, its fibres spreading over the inner surface of the latter. Microscopic 
examination shows that these fibres, which form the iimerroost layer of the 
retina (Fig. 84, 0. «.), turn outwards and become connected with a layer of 
nerve-cells («. c.). External to these come other layers of nerve-cells and 
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granules, supported by a framework of delicate fibres, and finally, forming the 
outer surface of the retina proper, a layer of bodies which correspond to modified 
sensory cells and are called, from their shape, the rods and cones {r.). These 
are placed perpendicularly to the surface of the retina, and their outer ends are 
imbedded in a single layer of hexagonal pigment-cells, loaded with granules of 
the black pigment already referred to. 

Immediately behind and in close contact with the iris is the transparent 
biconvex lens (Fig. 83, L.), formed of concentric layers of fibres, each derived 



Fig. 84. — Diagram of the retina, the supporting structures to the left, the nervous and epithelial 
elements to the right, a — d, fibrous supporting structures ; gr, gr'. granular layers ; n,c., n.c\, 
n.c"., n.c'", nerve-cells ; nu. nuclear layer of rods and cones ; o. w. fibres of optic nerve ; r. rods 
and cones. (From Wiedersheim’s Vertebrata, after Stohr.) 

from a single cell. The lens is enclosed in a delicate capsule, attached by a 
suspensory ligament {sp. 1 .) to the ciliary processes. The suspensory ligament 
exerts a pull upon the elastic lens so as to render it less convex than when 
left to itself ; when the ciliary muscles contract they draw the suspensory liga- 
ment towards the iris, relaxing the ligament and allowing the lens to assume, 
more or less completely, its normal curvature. It is in this way that the 
accommodation of the eye to near and distant objects is effected. 

The space between the cornea in front and the iris and lens behind is called 
the aqueous chamber of the eye, and is filled by a watery fluid — the aqueous 
humour. The main cavity of the eye, bounded in front by the lens and the 
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ciliary processes and for the rest of its extent by the retina, is cedled the 
vitreous chamber (F. H.), and is filled by a gelatinous substance, the vitreous 
humour. 

The cornea, aqueous humour, lens, and vitreous humour together constitute 
the dioptric apparatus of the eye, and serve to focus the rays of light from ex- 
ternal objects on the retina. The iris is the diaphragm by which the amount 
of light entering the eye is regulated. The percipient portion or actual organ 

sight is the retina, or, more strictly, the layer of rods and cones. The 
great peculiarity of the vertebrate eye, as compared with that of a Cephalopod 
(Vol. I, Section IX), to which it bears a close superficial resemblance, is that 
the sensory cells form the outer instead of the inner layer of the retina, so that 
the rays of light have to penetrate the remaining layers before affecting them. 

The mode of development of the eye is as characteristic as its structure. 
At an early stage of development a hollow outgrowth — ^the optic vesicle (Fig. 
85, A, opt. V.) — ^is given off from each side of the fore-brain {dien.). It extends 
towards the side of the head, where it meets with an inpushing of the ecto- 
derm {inv. 1 .) which deepens and forms a pouch, and finally, separating from 
the ectoderm, a closed sac (B, 1 .) with a very small cavity and thick walls. 
This sac is the rudiment of the lens : as it enlarges it pushes against the optic 
vesicle, and causes it to become invaginated (J 5 ) ; the single-layered optic vesicle 
thus becomes converted into a two-layered optic cup [opt. c., opt. c'.), its cavity, 
originally continuous with the diacoele, becoming obliterated. The invagina- 
tion of the vesicle to form the cup does not take place symmetrically, but 
obliquely from the external (posterior) and ventral aspect of the vesicle, so 
that the optic cup is incomplete along one side where there is a cleft — the 
choroid fissure — afterwards more or less completely closed by the union of its 
edges. The outer layer of the optic cup becomes the pigmentary layer of the 
retina ; from its inner layer the rest of that membrane, including the rods 
and cones, is formed. The stalk of the optic cup occupies, in the embryonic 
eye, the place of the optic nerve, but the actual fibres of the nerve are formed 
as backward growths from the nerve-cells of the retina to the brain. 

During the formation of the lens, mesoderm grows in between the pouch 
from which it arises and the external ectoderm ; from this the main substance 
of the cornea and its inner or posterior epithelium are formed, the adjacent 
ectoderm becoming the external epithelium. Mesoderm also makes its way 
into the optic cup, through the choroid fissure, and becomes the vitreous 
humour. Lastly, the mesoderm immediately surrounding the optic cup is 
differentiated to form the choroid, the iris, and the sclerotic. 

Thus the paired eye of Vertebrates has a threefold origin : the sclerotic, 
choroid, iris, vitreous, and the greater part of the cornea are mesodermal : 
the lens and external epithelium of the cornea are derived from the ectoderm 
of the head: the retina and optic nerve are developed from a hollow 
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pouch of the brain, and are, therefore, ' in their ultimate origin, ectodermal. 
The sensory cells of the retina — the rods and cones, although not directly 
formed from the external ectoderm, as in Invertebrates, are ultimately traceable 
into the superficial layer of ectoderm, since they are developed from the,inner 
layer of the optic vesicle, which is a prolongation of the inner layer of the 
brain, and the latter is continuous before the closure of the medullary groove 
with the ectoderm covering the general surface of the body. 

The eye-ball is moved by six muscles (Fig. 86). Four of these arise from 
the inner wall of the orbit, and pass, diverging as they go, to their insertion 
round the equator of the eye. One of them is dorsal in position, and is called 



Fig. 85, — Early (A) and later (B) stages in the de- 
velopment of the eye of a Cnmiate. dien. dien- 
cephalon ; inv. 1 . invagination of ectoderm to form 
lens ; /. lens ; opt. c. outer, and opt. c', inner layer of 
optic cup ; opt. St. optic stalk ; opt. v. optic vesicle ; 
ph. pharynx; pty. pituitary body. (Altered from 
Marshall.) 



Fig. 86. — Muscles and nerves of 
the eye of a Skate (semi-diagram- 
matic). ///. oculomotor nerve; IV. 
trochlear; VI. abducent, e. r. pos- 
terior rectus ; i. o. inferior oblique ; 
in. r. inferior rectus; i, r. anterior 
rectus ; or. wall of orbit ; s. o. 
superior oblique ; s. r. superior rectus. 


the superior rectus (s. r.), a second ventral the inferior rectus {in. r,), a third 
anterior, the anterior or internal rectus {i. r.), and a fourth posterior, the posterior 
or external rectus {e. r.). The usual names (internal and external) of the two 
last-named muscles originate from their position in Man, where, owing to the 
eye looking forwards instead of outwards, its anterior surface becomes internal, 
its posterior surface external. The two remaining muscles usually arise from 
the anterior region of the orbit, and are inserted respectively into the dorsal 
and ventral surface of the eye-ball. They are the superior {s. 0.) and inferior 
oblique (t. 0.) muscles. ^ 

The median or pineal eye (Fig. 87) is formed, in certain cases, from the distal 
end of the parietal organ already mentioned. It has the form of a rounded 
capsule, the outer or anterior portion of the wall of which is a lens (/.) formed 
of elongated cells, while its posterior portion has the character of a retina 
{M. r.). The latter has a layer of nerve-fibres on its outer and one of rod- 
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like visual elements (r.) on its inner surface : it thus agrees with the usual types 
of invertebrate retina, and not with that of the paired eye. 

The organ of hearing, like that of sight, presents quite peculiar features. 
It arises in the embryo as a paired invagination of the ectoderm in the region 
of the hind-brain, a shallow "depression being formed which deepens and be- 
comes flask-shaped, and finally, as a rule, loses its connection with the external 
ectoderm, forming a closed sac surrounded by mesoderm. At first simple, it 
soon becomes divided by a constriction into dorsal and ventral compartments. 



Fig. 87. — Section of the pineal eye of Sphenodon. g- blood-ves.sel ; h. cavity of eye, filled 
with fluid ; k. connective-tissue capsule ; 1 . lens ; Af . molecular laywr of retina ; r. layer of rods 
and cones ; st. nerve ; x. cells in nerve. (From Wiedersheim's Vertebrata, after Baldwin Spencer.) 


The dorsal compartment is differentiated into an irregular chamber, the uiriculus 
(Fig. 88, M.), and usually, three tubes, the semicircular canals. Of these two, 
the anterior {ca.) and posterior {cp.) canals, are vertical in position and have 
their adjacent limbs united, so t^t the two canals have only three openings 
between them into the utriculus : the third or external canal (ce.) is horizontal, 
and opens into the utriculus at either end. Each canal is dilated at one of its 
ends into an ampulla (oa., ae., ap.), placed anteriorly in the antmor and external 
canals, posteriorly in the posterior canal. 
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The ventral compartment of the auditory sac is called the sacculus (s.) : 
it gives off posteriorly a blind pouch, the cochlea (/.), which attains considerable 
dimensions in the higher classes ; while from its inner face is given off a narrow 
tube, the endolymphatic duct {de.), which either ends blindly or opens on the 

dorsal surface of the head. The utricle and 



Fig. 88. — External view of organ 
of hearing of Oraniata (semi-dia- 
grammatic). aa, ampulla of an- 
terior canal ; ae, of horizontal 
canal ; ap. oi posterior canal ; ass. 
apex of superior utricular sinus ; 
ca. anterior, ce. horizontal, cp. pos- 
terior semi-cifcular canal ; cus. 
canal uniting sacculus with utri- 
culus ; de. endolymphatic duct ; 
/. cochlea ; vec. utricular recess ; 5. 
sacculus ; se. endolymphatic sac ; 
sp. posterior utricular sinus ; ss. 
superior utricular sinus ; u. utri- 
culus. (From Wiedersheim’s Verte- 
brata.) 


saccule are sometimes imperfectly differen- 
tiated, and are then spoken of together as 
the membranous vestibule. 

Patches of sensory cells (Fig. 89, ae .) — 
elongated cells produced into hair-like pro- 
cesses (a. h ,) — occur in the ampulla and in 
the utricle and saccule : they are known as 
maculcB acusticce and cristce acusticce (c. r.), 



Fig. 89. — Longitudinal section through an am- 
pulla. a. e. auditory epithelium ; a. h. auditory hairs ; 
c. part of semi-circular canal ; cr. crista acustica ; ct. 
connective-tissue ; e, i. epithelium ; n. nerve ; u. 
junction with utriculus. (From Foster and Shore's 
Physiology.) 


and to them the fibres of the auditory nerve (».) are distributed. A fluid, 
the endolymph, fills the whole of the auditory organ or membranous labyrinth, 
and in it are formed otoliths of var3nng size and number. There is every reason 
for thinking that the lab3mnth, like the otocysts or statocysts in the lower 
animals, functions as an organ of equilibration as well as of hearing. 

As the membranous labyrinth develops in the embryo, it becomes surrounded 
and enclosed by the auditory capsule, the cartilage of which adapts itself to 
the form of the lab3ntinth, presenting a large excavation for the utricle and 
saccule and tunnel-like passages for the canals. The auditory organ does not, 
however, fit tightly into this system of cavities, but between it and the cartilage 
is a space, filled by a fluid called perilymph, which acts as a buffer to the delicate 
organ floating in it. 
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The early history of the auditory apparatus in the embryo shows that it 
belongs to the same series of structures as the lateral-line system, of which 
it may be regarded as a highly specialised part. 

The parts so far mentioned constitute the inner ear, and this is all the 
auditory apparatus that fishes possess (except for such accessory apparatus as 
the Weberian ossicles found in certain teleosts (see page 280)). The change 
from water to land when the first tetrapoda arose was profound, and affected 
the whole organism in many directions, among them that of hearing. Sound 
vibrations had to be conveyed through the air instead of the denser medium of 
water. The first new acquisition was a membrane, the ear-drum, which 
enclosed a space, the middle ear, l5dng external to the inner ear. To transmit 
the sound-waves impinging on the ear-drum some apparatus was required, 
and this was effected by a transference of function of the upper member of the 
hyoid arch. No longer required in jaw suspension owing to the acquired 
autostyly (or autosystyly), the hyo-mandibular element came into relation with 
the inner ear at its medial end, and with the ear-drum at its outer end, and hence- 
forth is known as the (amphibia, reptiles, and birds) and in mam- 

mals as the stapes (see Figs. 295, 640). The final, and highest, stage of hearing 
is reached by the mammals when two more elements change their function 
and are drawn into the middle ear. This time it is from the upper and lower 
jaws that the bones are obtained. Owing to the hinge of the jaws now being 
supplied by the articulation of the dentary to the squamosal, the quadrate 
and articular are set free, and become modified and drawn into the middle ear 
as the incus and malleus, respectively, to form with the stapes a chain of three 
bones, the auditory ossicles (see Fig. 640). The passage from the ear-drum to 
the exterior is known as the outer ear. 

There is now complete evidence both palaeontological and embryological, 
to show a continuous evolutionary change in the ear region from fish to mammal. 

Ulinogenital Organs. — In all Craniata there is so close a connection between 
the organs of renal excretion and those of reproduction that the two systems 
are conveniently considered together as the urinogenital organs. 

Speaking generally, the excretory organ consists of three parts, all paired 
and situated along the dorsal wall of the coelome ; the fore-kidney or pronephros 
(Fig. 91, A, p. nph.), the mid-kidney or mesonephros {ms. nph.), and the 
hind-kidney or metanephros {mt. nph.). Each of these is provided with a 
duct, the^^ro- {pn. d.), meso- {m. sn. d.), or meta-nephric {mt. n. d.) duct, which 
opens into the cloaca. The gonads {gon.) lie in the coelome suspended to its 
dorskl wall by a fold of peritoneum : in some cases their products are dis> 
charged into the coelome and make their exit by genital pores, but more usually 
the pronephric duct in the female assumes the functions of an oviduct and 
the mesonephric duct in the male those of a spermiduct {cf. p. 120). The pro- 
nephros is almost always functionless in the adult, and usudly disappears 
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altogether. The mesonephros is generally the functional kidney in the lower 
Craniata, in which, as a rule, no metanephros is developed, and the meso- 
nephric duct, in addition to carrying the seminal fluid of the male, acts as a 
ureter. In the higher forms the mesonephros atrophies, and the metanephros 
is the functional kidney, the metanephric duct becoming the true ureter. 

The kidney — ^meso- or meta-nephros — of the adult is a massive gland of a 
deep red colour made up of convoluted urinary tuhules (Fig. 90), separated 
from one another by connective-tissue containing an abundant supply of blood- 
vessels. The tubules are lined by a single layer of glandular epithelial cells 
(B, C), and each ends blindly in a globular dilatation, the Malpighian capsule 
(A, gl.), lined with squamous epithelium. In many of the lower Craniata, a 


A 

t. HjT 



Fig. 90. — A» part of a urinary tubule with blood-vessels, ai. artery ; gl, Malpighian capsule 
containing glomerulus ; v. veinle^ returning blood from capillary network (to the right) to vein 
vi . ; va, afferent vessel of glomerulus ; ve, efferent vessel. B, longitudinal, and C, transverse 
sections of urinary tubules, a. secreting part of tubules; b, conducting part of tubules; 
c. capillaries ; n, nuclei. (From Foster and Shore's Physiology.) 

branch goes off from the tubule, near the Malpighian capsule, and, passing to 
the ventral surface of the kidney, ends in a ciliated funnel-lUce body (Fig. 91 A, 
nst.), resembling the nephrostome of a worm, and, like it, opening into the 
coelome. At their opposite ends the tubules join with one another, and finally 
discharge into the ureter. 

The renal arteries branch extensively in the kidney, and give off to each 
MalfHghian capsule a minute afferent artery (Fig. 90, A, va.) : this pushes 
the wall of the capsule before it, and breaks up into a bunch of looped capillaries, 
called the glomerulus, suspended in the interior of the capsule. The blood is 
carried off from the glomerulus by an efferent vessel {ve.), which joins the general 
capillary system of the kidneys, forming a network over the urinary tubules : 
finally, the blood is returned from this network to the renal vein. The watery 
constituents of the urine are separated from the blood in traversing the glomer- 
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ulus, and, flowing down the tubule, take up and dissolve the remaining con- 
stituents — urea, uric acid, etc. — which are secreted by the cells of the tubules. 





Fig. 91. — Diagram illustrating the development of the urinogenital organs of Onmiata. A, 
development of pronephros and pronephric duct; B, atrophy of pronephros, development of 
mesonephros ; C, differentiation of pro- and mesonephric ducts ; D, development of metanephros ; 
male type ; E, female ^pe. a/, bl. allantoic bladder ; an. anus ; cl. cloaca ; gon. gonad ; int. 
intestine : m. c. Malpighian capsule ; ms. n. d. mesonephric duct ; ms. nph. mesonephros ; mt. n. d. 
metanephric duct ; mt. nph. metanephros ; nst. nephrostome ; <^v. ovary ; p. n. d. and sg. d. 
pronephric duct ; p. nph. pronephros ; t. testis ; v. e. vasa efferentia. 

The development of the kidney reveals a resemblance to the coelomoducts 
of Annulata which would hardly be suspected from its adult structure. The 
pronephros (Fig. 91, A, p. nph.) originates as a small number of coiled tubes 
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formed from mesoderm in the body-wall at the anterior end of the coelome ; 
they are arranged metamericaUy, and each opens into the coelome by a ciliated 
funnel (nsi.). Obviously such tubes are coelomoducts : their chief peculiarity 
is that their outer ends do not open directly on the exterior, but into a longi- 
tudinal tube, the pronephric or segmental duct {sg, d.), which passes backwards, 
and discharges into the cloaca. It seems probable that this arrangement is to 
be explained by supposing that the coelomoducts originally opened externally 
into a longitudinal groove, which, by the apposition of its edges, was converted 
into a tube. All the tubules of the pronephros open, by their ciliated funnels, 
into the narrow anterior end of the coelome, into which projects a branch of 
the aorta ending a single large glomerulus. 

The pronephros soon degenerates, its tubules losing their connection with 
the pronephic duct (B), but in the meantime fresh tubules appear in the 
segments posterior to the pronephros, and together constitute the mesonephros 
or Wolffian body (B, ms. nph.), from which the permanent kidney is formed 
in most of the lower Craniata. The mesonephric tubules open at one end 
into the pronephric duct {sg. d.), at the other by ciliated funnels {nst.), into the 
coelome ; a short distance from the funnel each gives off a blind pouch, which 
dilates at the end and forms a Malpighian capsule [m. c.), and a branch from the 
aorta entering it gives rise to a glomerulus. 

In some forms the pronephric duct now becomes divided by a longitudinal 
partition into two tubes : one retains its connection with the mesonephros and 
is known as the mesonephic or Wolffian duct (C, ms. n. d.) : the other has no 
connection with the tubules, but opens into the coelome in the region of the 
vanishing pronephros, and is called the MiUlertan duct {p. n. d.). In some 
Craniata the Mullerian appears quite independently of the Wolffian duct : 
the latter is then simply the pronephric duct after the union with it of the 
mesonephric tubules. 

In the higher Vertebrata, from Reptiles to Mammals, a diverticulum 
{D, E, mt. n. d.) is given off from the posterior end of the Wolffian duct, which 
grows forwards and becomes connected with the hindmost tubules. In this 
way is formed a metanephros {mt. nph.), which forms the permanent kidney 
and a metanephric duct {jnt. n. d.), which gives rise to the ureter. The Wolffian 
body ceases to discharge a renal function, and becomes a purely vestigial organ. 

In many Fishes there is a dilatation of the mesonephric duct, the urinary 
bladder, which serves as a receptacle for the urine. In the higher Craniata the 
ventral wall of the cloaca sends off a pouch, the allantoic bladder {al. bl.), which 
serves the same purpose, although morphologically an entirely different structure. 

The gonads {gon.) are developed as ridges growing from the dorsal wall 
of the co^ome and covered by coelomic epithelium, from the cells of which, as 
in so many of the lower animals, the ova and sperms are derived. The testis 
consists of crypts or tubules, lined with epithelium, and usually discharging their 
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products through delicate vasa efferentia {D, v. e.) into the Wolffian duct, but 
in some groups into the coelome. The sperms are always motile. The ovary 
is formed of a basis of connective-tissue or stroma, covered by epithelium, 
certain of the cells of which become enlarged to form ova. In the majority of 
cases the ova are discharged from the surface of the ovary into the coelome 
and thus into the open ends of the Mullerian ducts {E, p. n. d.), which thus 
function simply as oviducts, having no connection in the adult with the urinary 
system. In some groups the ova, like the sperms, are shed into -the coelome 
and escape by the genital pores, and in many bony Fishes the ovary is a hollow 
organ, as in Arthropods, discharging its ova into an internal cavity, whence 
they are carried off by a duct continuous with the gonad. 

A few Craniata are normally hermaphrodite, but the vast majority are 
dioecious, hermaphroditism occurring, however, occasionally as an abnormality. 

In close topographical relation with the urinogenital organs are found 
certain " ductless glands,” the adrenals or inter- and supra-renal bodies. They 
are developed partly from ridges of the dorsal wall of the coelome — i.e., from 
mesoderm, partly from the sympathetic ganglia. There may be numerous 
adrenals segmentally arranged, or a single pair. Like other ductless glands 
the adrenals produce an internal secretion, which mingles with the blood and 
produces physiological effects on other parts. 

Development. — ^The ova of Craniata are usually telolecithal, but the amount 
of food-yolk varies within wide limits. When it is small in quantity, cleavage 
is complete but usually unequal, when abundant, incomplete and discoidal. 
In the latter case the embryo proper is formed, as in Cephalopods, from a com- 
paratively small portion of the zygote, the rest giving rise to a large yolkrsac 
and, in the higher forms, to other embryonic membranes. 

There is never a t3qjical invaginated gastrula, as in Amphioxus, but in 
some of the lower Craniata a gastrula stage is formed by a combination of 
inpushing and overgrowth : details will be given in the sections on the various 
groups. In the higher forms the gastrula stage is much modified and 
obscured. 

The mode of development of the mesoderm and of the coelome differs strik- 
ingly from the process we are familiar with in Amphioxus. At an early stage 
the mesoderm is found in the form, of paired longitudinal bands (Fig. 92, 
A, msd.) lying one on each side of the middle line, where they are separated 
from one another by the medullary groove {md. gr.) and the notochord («cA.)', 
and completely filling the space between the ectoderm and the endoderm. 
Each mesoderm-band becomes differentiated into a dorsal portion, the vertebral 
plate, bounding the nervous system and notochord, and a ventral portion, the 
lateral plate, surrounding the mesenteron. The vertebral plate undergoes 
metameric s^moitation, becoming divided into a row of squarish masses, 
somites or mesodermal segments {B, pr. ».) ; the lateral plate splits into two 
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layers, a somatic (som.), adherent to the ectoderm, a splanchnic {spl.), to the 
endoderm. The space between the two is the coelome {ccel.), which is thus a 
schizocoele, or cavity hollowed out of the mesoderm, and is, except in the head- 
region in the Lampreys (p. 147), at no stage in communication with the 
mesenteron, as are some of the coelomic pouches of Amphioxus. The dorsal 
portion of the coelome assumes the character of a series of paired diverticula of the 
main ventral part, each situated in the interior of a somite ; but such an arrange- 
ment is temporary, and these somitic cavities early disappear. From the 
dorsal portions of the somites the myomeres are formed, from their medial 
portions the sclerotomes which give rise to the verteTirae. 

The development of the principal organs has been described in general 
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Fig. 92. — Transverse section of earlier {A) and later (B) embryos of Frog, cml, coelome ; c<bV. 
prolongation of coelome into protovertebra ; ent, mesenteron ; vtied. gr. medullary groove ; msd. 
mesoderm ; nch. notochord ; pr. v. protovertebra ; sg. d, segmental duct ; som. somatic layer of 
mesoderm ; sp. c. spinal cord ; spl. splanchnic layer of mesoderm ; yk. yolk-cells. (After Marshall.) 

terms, in the preceding account of the organs themselves : it will be convenient 
to defer further consideration of this subject until we come to deal with the 
development of the various types of Craniata, and with the embryological 
characteristics of the classes and sub-classes. 

Metamerism . — h tendency, more or less strongly marked, to a serial repeti- 
tion of parts is to be observed in a number of different systems of organs. In- 
stances of this have already been pointed out in the skeleton, and the muscular, 
nervous, and excretory systems. This phenomenon seems to lead to the con- 
clusion that the structure of the Craniata can be understood only when they 
are regarded as metamerically-segmented animals. . The phase of metamerism 
presented by the Craniata is, however, widely different from that which prevails 
in the segmented Invertebrates. In the latter the segmentation is usually 
quite distinctly pronounced externally, and it may involve a metameric 
division extending to the coelome as well as to the various systems of internal 
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organs. In the Craniata, on the other hand, segmentation is never visible on 
the exterior, and in the adult condition the coelome never shares in the division. 
Even in the case of the organs which present metameric characters, the meta- 
merism often appears indefinite and uncertain : thus, as already pointed out, 
the segmentation of the spinal column, which in the adult is the most pronounced 
of all, does not coincide with the segmentation of the muscular and nervous 
system. Yet when we take the phenomena of embryonic development into 
account, it becomes sufficiently clear that in the Craniata we have to do with 
animals possessing a metameric segmentation of the same general type as 
that possessed by Amphioxus, and that the apparent anomalies are due to 
processes of secondary modification. 

It is in the trunk region that the metamerism is most strongly pronounced 
and that more particularly in the lower groups. In the head there is great 
specialisation in co-ordination with the presence in this region of the brain, 
the chief organs of special sense, and the mouth and jaws ; so that, though there 
are indications of metamerism of various parts, it is only by the study of 
development that it is possible to interpret the structure of the head in terms 
of a metameric segmentation which becomes much modified and disguised in 
the adult animal. When the development is followed out, it becomes evident 
that, as in the Arthropoda, the head in Craniata is formed as a result of a 
process of fusion between a number of metameres, the individuality of which 
is quite evident in early stages, more particularly among lower forms, being most 
pronounced in the region behind the auditory capsules. 

Distinctive Characters. — The Craniata may be defined as Euchorda in which 
the notochord is not continued to the end of the snout, but stops short beneath 
the fore-brain, some distance from its anterior end. A skull is always present, 
and there are usually paired limbs. The ectoderm is many-layered and is 
never ciliated in the adult, and only rarely in the larva. The pharynx is of 
moderate dimensions, and is perforated by not more than seven pairs of gill- 
slits (except in some Cyclostomes). The gill-pouches do not open into an 
atrium. The liver is large, massive, and not obviously tubular. There is a 
muscular, chambered heart, and the blood contains red corpuscles. The 
renal tubules unite to form large paired kidneys and open into ducts which 
discha;rge into or near the posterior end of the intestine. The brain is complex, 
and there are at least ten pairs of cerebral nerves : the spinal nerves are, except 
in Cyclostomes, formed by the union of dorsal and ventral roots. Paired eyes 
of great complexity, derived in part from the brain, are present ; and there is 
a pair of auditory organs. There is typically a single pair of gonads, and 
the reproductive products are usually ^scharged by ducts derived from the 
renal system. There is never a tsrpical invaginate gastrula, and the mesoderm 
arises in the form of paired longitudinal bands whicli. subsequMitly beccmie 
segmented. The coelome is nearly always developed as a schizocoete. 
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SUB-PHYLUM IV— AGNATHA. 

Formerly certain groups of Palaeozoic fishes and fish-like animals, whose 
position was at that time uncertain, were classed together as the " Ostraco- 
dermi.” This " class *' was subdivided into three orders, the Osteostraci (or 
Cephalaspidomorphi), Heterostraci (or Pteraspidomorphi) and the Antiarchi (or 
Pterichthyomorphi) . 

Recent work has done much to establish a truer zoological position for 
these three groups with the result that the Antiarchi are now placed with the 
Gnathostomata amd the Osteostraci and Heterostraci, together with the living 
Cyclostomes, are joined in a single sub-phylum the Agnatha. 

The Agnatha, whose name is taken from their chief characteristic, the 
absence of true jaws, form a section morphologically equivalent to all the rest 
of the vertebrata from fish to man, though in apparent extent a much smaller 
one. It must, however, be remembered that we may perhaps know only a 
small proportion of the forms that have existed. Members of the group appear 
first in the Silurian period, and continued to expand throughout the Devonian, 
when they attained their maximum development. From that time to the 
present day nothing is known of the group, but there can be no doubt that the 
living cyclostomes are rightly classed as members of the Agnatha whose 
post-Devonian ancestors have not been discovered. 

The group may be classified as follows *: — 

SUB-PHYLUM AGNATHA. 

CLASS CEPHALASPIDOMORPHI. 

Sub-classes Osteostraci. 

Anaspida. 

CLASS PTERASPIDOMORPHI. 

Sub-classes Heterostraci. 

CCELOLEPIDA. 

* This classification is conservative and to some extent non-committal as to the relation- 
ship of some of the component groups. Attention may be drawn to an alternative scheme as 
follows — 

Branch AGNATHT. 

Class OSTRACODERMI (Cyclostomata). 

Sub-class Pteraspidomorphi. 

Orders Heterostrctci. 

Palaospondyloidea . 

Myxinoidea, 

Sub-class Cephalaspidomorphi. 

Orders Osteostraci, 

Anaspida, 

PetfomyzOntia, 

This classificatibn expresses the opinion that there has been a division between the two sub- 
classes from as remote a time as the Devonian period. It is based on certain notable difierences 
in the ahatoiny of the two groups. The PteraspidomoiTphi have the rostral part of the head 
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CLASS CYCLOSTOMI. 

Sub-classes Petromyzontia. 

Myxinoidea. 

CLASS CEPHALASPIDOMORPHI. 

Sub-class Osteostraci. 

Families Cephalaspids. 

Tremataspidse. 

These are forms with a single naso-hypophysial opening placed far back 
on the head. The head region is expanded and flattened, and is protected by 
a hard, bony carapace often highly ornamented with tuber les and spines, 
and produced on each side into a backwardly directed " horn ” which leaves 
a bay, or pectoral sinus, between itself and the trunk. The body is protected 
by rows of scales in which true bone-cells are present. The tail is heterocercal, 
with a well-developed lobe and a dorsal fin is present. 

In Cephalaspis (Figs. 93, 96), the most completely known genus, there 
is a pair of lobed appendages arising from the pectoral sinus on each side. 
Of the internal anatomy a good deal is known. The brain, with its ten pairs 
of cranial nerves, is closely comparable with that of the living Cyclostomes, 
but, in addition, there is a well-developed system of nerves arising in the 
acustico-lateralis region of the brain, from which five pairs of stout nerves 
run to depressions on the upper surface of the head-shield. By analogy with 
such modem forms as the Torpedos, it has been thought that these nerves and 


formed by the ethmoidal region of the cranium, and the naso-hypophysial opening lies near the 
mouth on the ventral side of the head (see Fig. 117). In the Cephalaspidomorphi the rostral part 
of the head is formed by the growth of the upper lip so great m its development that the naso« 
hypophysial opening, which in the young Petromyzon lies in the normal position (Fig. no) is 
pushed on to the top of the head to some distance behind the rostrum. The extinct groups, as 
far as can be seen, seem to fall into one or the other of these two categories. This classification 
has received considerable but not unanimous support. There are certain criticisms which will 
have to be met before it is completely acceptable (see E. S. Goodrich, Proc. Linn, Soc,, 1929-30, 

pp- 45-49). ' 

A third classification is as follows (see E. I. White, Phil, Trans, Roy. Soc„ B, 527, 1935) : — 

Group AGNATHA. 

Class and Order HETEROSTRACI. 

Family Palospidse. 

CyathaspidSB. 

PteraspidsB. 

Drepanaspidse. 

Order ANASPIDA. 

Order OSTEOSTRACI. 

Order CYCLOSTOMATA. 

Sub-orders Palaospondyloidea.'f 
Hyperartii (Petromyzontia). 

Myperotreti (Myxinoidea). 

This classification is essentially the same as is adopted here, except that by not using the divisions 
Cephalaspidomorphi and Pteraspidomoiphi, no emphasis is laid on the presumed relationidiip 
between the Anaspida and the Osteostraci, nor on the considerable difierences between these 
two groups and the Heterostraci. 

t It will be noticed that P€daospon 4 yhes still appears in these two classifications. It has 
recently been shown to be a gnathostome (see page 170 post). 
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depressions formed a kind of electric organs^ (Fig. 94). If so, it is interesting 
to see how early in the history of the vertebrata so advanced a specialisation 



Fig. 93. — 'Hemicyclaspis murchisoni. D.^ dorsal fin; dxr, dorsal crest of trunk; sd.cr. 
dorsal scutes ; Ppl, pineal plates ; scIy, sclezotic ring ; Isf, lateral " electric field " ; Pec. pectoral 
fin ; vhp. ventral axis of caudal fin. (After Stensio.) 


can be evolved. The eyes are placed close together on the top of the cephalic 
shield, with the pineal opening between them and the naso-hypophysial opening 



>Fig. 94. — ^Kiaeraspis aaohenaspidoides. A cast of the cranial cavity, the orbits, the labyrinth 
cavities and of certain canals, sel. i-6. nerves of the electric fields. V., VII., IX., X., cranial 
nerves. For details see Stensio, ** The Downtonian Vertebrates." (After Stensid.) 

just in front. The mouth is ventral, and is followed on each side by ten pairs 
of gill pouches (Fig. 95), of which the first two are related to the opthahnicus 

^ There is, however, some difl&culty in accepting this view. The electric organs of such a fish 
as the Tovpedo are formed from specialised muscles which are not innervated by the acustico* 
lateralis system but by branches from the seventh and tenth nerves. It is, moreover, not easy 
to see how muscles could be situated in depressions outside the bony carapace. 
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Fig. 95, — Cephalaspis. Diagram of the endocranium from the ventral aspect. Showing the 
position of the gills. (After Stensio.) 





Fig. 96. — ^Kiaeiaspii aocbanftspidQidei. A, cephalic shield in dorsal. B, in ventral view. 
C, in lateral view. D, transverse section through “ neck " region. (After Stensid.) 
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Fio. 97- — ^Kead shields of various Cephalaspids. (After Gt^ory.) 
VOL. n. . 
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profundus and trigeminal nerves, respectively. The whole of the mouth and 
gill region on the ventral side is supported by a system of small, tesselated, 
bony plates, the oro-branchial area (Fig. 96). 

The Osteostraci ranged from the Upper Silurian to the Upper Devonian 
period, and a considerable number of genera and species is known. They 
show great variation in the proportions of the cephalic shield and in its 
ornamentation. Representative genera are Cephalaspis, Hemicyclaspis, Atele- 
aspis, Benneviaspis, Ktaeraspis, Didyinaspis, Thyesies and others^ (Fig. 97). 

The Tremataspidae differ from the Cephalaspidae chiefly in the absence of 

the pectoral sinus, and, in conse- 
quence, in the absence of the paired 
appendages. The cephalic shield 
is well developed, and extends 
backwards on to the trunk. The 
lateral electric fields are divided 
into an anterior and a posterior 
portion. Some genera of the Cepha- 
laspidse are transitional in shape, 
and the two families are clearly 
allied. Tremataspis (Fig. 98) is 
the only well-known genus. 



Fig. 98. — Tremataspis schmidti. Left figure upper, 
right figure the lower surface. (After Patten.) 




Fig. 99 a , — Reconstruction of Ptetolepis nitidiu, Kiaer. 

Fig. 99 b . — Reconstruction of Bbnicbolepis parvnlns, Kia:r. (After Kiaer.) 


SUB-CLASS ANASPIDA. 

These were animals of fish-like shape with a downwardly turned tail 
{hypocercat) (FigS. 99 a and b). The internal structure is unknown, but a 

^ For which see Stensid. *‘The Downtonian and Devonian Vertebrates of Spitzbergen. 
Part I* Cephalaspidae." 
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highly developed dermal skeleton is present. The scales on the head are small 
and show a complicated arrangement which differs in pattern in different 
genera. The scales on the trunk are arranged in lateral and ventral series, 
which, with a set of tall lateral scales, show great resemblance to the condition 
found in the Cephalaspidae, as does also the method of their articulation. 
There are no paired appendages, unless a pair of pectoral spines be taken to 
represent them. There is a series of ridge spines along the back, and an anal 
spine below. The eyes are lateral, and the pineal and naso-hypophysial open- 
ings are placed on the top of the head in relatively the same position as in the 
Cephalaspidae. A series of gill openings, varying in number in the different 
genera, are placed in front of the pectoral spine. 

There are several families, all, with one exception, Euphamrops (a 
Devonian genus), confined to the Silurian period. 

Examples are Lasanius, Birkenia, Pharyngolepis, PteroUpis (Fig. 99 a) 
Rhyncholepis (Fig. 99 b). 

CLASS PTERASPIDOMORPHI. 

The Pteraspidomorphi are forms with a broad depressed head protected 
by a carapace of exoskeletal plates. The eyes are widely separated, and 
lateral in position. There are no fins on the body, either paired or unpaired. 
The tail behind the carapace is laterally compressed and downwardly turned 
{hypocercal), and is covered with scales having the same composition as the plates 
of the carapace. The sub-class may be divided into two orders : the Hetero- 
straci, containing four closely allied families, and a group, the Ccelolepida, whose 
position in the class is still a matter of doubt. 

The Pteraspidomorphi differ from the Cephalaspidomorphi in several 
essential points. The nostrils, when known, are paired instead of single. The 
plates and scales are without bone-ceUs, and the plates are formed of three 
layers, of which the outer one is composed of a substance allied to dentine. 
The gill-pouches unite into a single exhalent pore placed rather far back on 
the sides of the carapace. Paired appendages are absent. 

The four families which form the Heterostraci — i.e., the Paleaspidae, Cyath- 
aspidae, Pteraspidse (Fig. 100) and Drepanaspidae (Fig. loi) — ^are ^stinguished 
from one another by the number of plates in the carapace. The Paleaspidae 
have an undivided upper shield, the Cyathaispidae have the upper surface of 
the carapace divided into four plates, the Pteraspidae into nine and the 
Drepanaspidae into twelve. 

A description of Pteraspis rostrata, a species of the best-known genus, will 
serve for aU the remainder. The carapace is somewhat elongated and rect- 
angular in section. The dorsal surface is composed of nine plates, of which 
three, the rostral, pineal, and large dorsal, are ur^aired. The remaining six 
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plates form three pairs : the orUtal in which lie the eye sockets ; the branchial, 
with the gill opening at the posterior border, and just behind these the 
cornual plates. In the adult all these plates are bound together by a fusion 
of their inner laminae. On the ventral surface a large unpaired plate covers 



Fig. loo. — Restoration of Pteiaspis rostrata dorsal (left hand figure) lateral and ventral views. 
a.l.p. anterior lateral plate ; b.p, branchial plate ; c,p, cornual plate ; d,d, dorsal disc ; d,sp, 
dox^ spine ; l,o,p. lateral oi^ plate ; o.p, oral plate ; or,p. orbital plate ; pi» pineal plate ; pj‘p» 
posterior lateral plate ; p, o.p, post-oral plate ; r. rostrum ; v,d, ventral disc. (After £. I. White.) 

most of the su^ea except for a number of small oral plates round the lower border 
of the mouth, and immediately behind these three pairs of small plates the 
post-oral and the anterior and posterior laterals. The trunk is covered with 
a series of ridge-scales along the upper and lower surface. From impres^ns 
of the internal surface of the upper carapace it seems clear that there were 
seven pairs of gill pouches, and an X-like impression just behind the pineal 
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opening has been interpreted as evidence of two semicircular canals on each 
side. 

The second division of the Pteraspidomorphi, the Coelolepida, shows so little 
resemblance to the Heterostraci that some authorities question their right to 
be included in the group, and even their status as Agnatha. There are three 
genera included in the division : Thelodus, Lanarkia, and Ccdolepis, which all 
appear as flattened impressions (Fig. 102), with a broad head-region followed 




Fig. ioi. — ^Diepanaspis gemiindenenBis. Dorsal and ventral 
veins. C, cornual plate; D, median dorsal plate; 
ventral oral plates ; ocular plates ; R, rostral plate ; 

V, ventral plate; B, branchial plate. (From Stensio, after 
Kiaer.) 


Fig. 102. — Restored 

outline of Lanarkia spinosat 

in the position in which it 
occurs as a fossil, the head 
being flattened and the tail 
twisted round so as to ap- 
pear in profile. On each 
side a much enlarged der- 
mal denticle is shown. 
(From the Cambridge Natu- 
ral History, after Traquair.) 



by a heterocercal tail. There is no armour beyond scales which bear each a 
spine. These have been likened to the placoid scale of the Chondrichthyes, 
but the homology is very doubtful. The eyes are placed far apart, and there 
is in Thelodus an indication of a gill apparatus which is consistent with that 
of the Pteraspids, but otherwise all other structures are unknown, and the 
true relationship of this group must for the present remain sub judice. 


CLASS CTCLOSTOMATA. 

The Cydostomata, or Lampreys and Hags, are eel-like animals, distinguished 
from all other living Craniata by the possession of a suctorial mouth devoid of 
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functional jaws, by the single olfactory organ, and by the absence of lateral 
appendages, or paired fins. 


I. Example of the Class. — The Lamprey (Petromyzon). 

Three species of Lamprey are common in the Northern Hemisphere : the 
Sea-lamprey (P. marinus), which attains a length of a metre ; the Lampem, 
or common fresh-water Lamprey (P. fluviaiilis), which may reach a length of 
about 90 cm. ; and the Sandpride, or lesser fresh-water Lamprey (P. pianeri), 
not exceeding 45 cm. in length. In the Southern Hemisphere the Lampreys 
belong to two genera : Mordacia, found on the coasts of Chili and Tasmania, 
and Geoiria, in the rivers of Chili, Australia, and New Zealand. Both genera 
differ from Petromyzon in minor details only. 



Fig. 103. Fig. 104. 

Figs. 103-4. — ^Petromyzon flaviatilis. Ventral (Fig. 103), lateral and dorsal (Fig. 104) views of 
the head. br. cl. i, first gill-cleft ; buc. f. buccal funnel ; eye, eye ; mth. mouth ; na. ap. nasal 
aperture ; p. papillae ; pn. pineal area ; t i.t s.t 3. teeth of buccal funnel ; t 4. teeth of tongue. 
(After W. K. Parker.) 


External Characters. — ^The head and trunk (Fig. 104) are nearly cylindrical, 
the tail-region compressed or flattened from side to side. At the anterior end, 
and directed downwards, is a large, basin-like depression, the buccal funnel 
(buc. /.), surrounded with papillae (f>) and beset internally with yellow, homy 
teeth (t I — 1 3) . At the bottom of the funnel pro j ects a prominence, the so-called 
" tongue ” (t 4), also bearing homy teeth, and having immediately above it 
the narrow mouth (mth.). On the dorsal surface of the head is the single 
median nostril (na. ap.), and immediately behind it a transparent area of skin 
(f>n.) indicates the position of the pineal organ. The paired tye& have no 
eyelids, but are covered by a transparent area of skin. The gill-sHts (br, d, 1) 
are seven pairs of small apertures on the sides of the head, the first a little 
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behind the eyes. On the ventral surface, marking the junction between trunk 
and tail, is the very small anus (Fig. 113, a), lying in a slight depression, and 
having immediately behind it a small papilla pierced at its extremity by the 
urinogenital aperture {z.). There is no trace of paired appendages, and the only 
organs of locomotion are the unpaired fins. Two dorsal fins of approximately 
equal dimensions, separated by a notch, and a caudal fin are present, the 
second dorsal being continuous with the caudal. 

Lampreys prey upon Fishes, attaching themselves to the bodies of the latter 
by the sucker-like mouth, and rasping off their flesh with the armed tongue. 
They are often found holding on to stones by the buccal funnel, and under 
these circumstances perform regular respiratory movements, the branchial 
region expanding and contracting like the thorax of a Mammal. The reason 



Fig. 105. — Petromyzon marinus. Skull, with branchial basket and anterior part of vertebral 
column. The cartilaginous parts are dotted, a. d. c. anterior dorsal cartilage ; a. lat. c. anterior 
lateral cartilage ; an. c. annular cartilage ; au. c. auditory capsule ; br. h.j — 7, vertical bars of 
branchial basket ; by. cl. i — 7, external branchial clefts ; cn. c. cornual cartilage ; cr. r. cranial 
roof ; /. c. I — 4, longitudinal bars of branchial basket ; Ig. c. lingual cartilage ; m. v. c. median 
ventral cartilage ; n. a. neural arch ; «a. ap. nasal aperture ; nch. notochord ; Nv. 2, foramen for 
optic nerve ; olf. c. olfactory capsule ; pc. c. pericardial cartilage ; p. d. c. posterior dorsal cartilage ; 
p. lat. c. posterior lateral cartilage ; sb. oc. a. subocular arch ; st. p. styloid process ; sty. c. styli- 
form cartilage ; t. teeth. (After W. K. Parker.) 

of this is that when the animal is adhering by the mouth the respiratory cunent 
cannot take its usual course — entering at the mouth and leaving by the gill- 
slits — but is pumped by muscular action both into and out of the branchial 
apertures. 

The skin is soft and slimy, mottled greenish-brown in P. marinus, bluish 
above and silvery on the sides in the fresh-water species. The epiderm contciins 
unicellular glands, the secretion of which gives its slimy character to the skin. 
The segmental sense-organs take the form of a lateral line which is superficial, 
not enclosed in a canal, and of minute pits on the head. There is no trace of 
exoskeleton. 

Skdeton. — ^The axial skeleton of the trunk is very simple. There is a 
persistent notochord (Fig. 105, nch.) with a tough sheath composed of an 
inner fibrous and an outer elastic layer. Attached to the sides of the noto- 
chord are little vertical rods of cartilage («.«.), arranged segmentally, bounding 




Fig. xo 6. — ^Pettomyioa mariniis* Dorsal (A), ventral (B), and sectional (C) views of skull. 
The Cartilaginous parts are dotted, a. d. c, anterior dorsal cartilage ; an. c. annular cartilage ; 
au. c. auditory capsule ; b. cr. f. basicranial fontanelle ; b. pi. basal plate ; cn. c. cornual cartilage ; 
cr. r. cranial roof ; n. a. neural arch ; na. ap. nasal aperture ; nch. notochord ; Nv, j, olfactory 
nerve ; Nv. 2, 5, and 8 , foramina for the <^tic, trigeminal, and auditory nerves ; Nv. fifth nerve ; 
olf. c. olfactory capsule ; p. d. c. posterior dorsal cartilage ; p. lot. c. posterior lateral cartilage ; 
sh. oc. a. sub-ocular arch ; st. p. styloid process. (After W. K. Parker.) 


the fin. For the rest of its extent the spinal canal is enclosed only by tough, 
p^mented connective-tissue. Slender rods of cartilage support the median 
fins. 
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The cranium also exhibits a very primitive t3^e of structure. Its floor 
is formed by a basal plate (Fig. 106, b. fl.), made by the union of the para- 
chordals and trabeculae, and surrounding posteriorly the fore-end of the 
notochord. Immediately in front of the termination of the notochord is a 
large aperture, the basi-cranial fontaneUe (b, cr, /.), due to the non-union of 
the posterior ends of the trabeculae ; through it passes the pituitary pouch, 
presently to be referred to (Fig. 109), on its way from the olfactory sac to the 
ventral surface of the notochord. Lateral walls extend upwards from each 
side of the basad plate, but the roof of the cranium is formed by membrane 
except at one point, where a narrow transverse bar (cr. r.) extends across be- 
tween the side-waiUs and furnishes a rudimentary roof. United with the 
posterior end of the basad plate and forming the end of the neurocranium are the 
auditory capsules (au. c.), and the side-walls are pierced with apertures for 
the cerebral nerves (Nv. 2, Nv. 5, Nv. 8 ). 

So far the skull is thoroughly typical, though in an extremely simple or 
embryonic condition ; the remaining parts of it differ a good deal from the 
ordinary structure as described in the preceding section, and au’e in mainy 
cases very difficult of interpretation. 

The olfactory capsule (olf. c.) is an unpaired concavo-convex plate which 
supports the posterior wall of the olfactory sac and is pierced by paired apertures 
for the olfactory nerves. It is unique in being united to the cranium by fibrous 
tissue only. 

Extenffing outwards and downwards from each side of the basal plate is 
an inverted arch of cartilage, called the sub-ocular arch (Figs. 105 and 106, 
sb. oc. a.) from the fact that it affords a support to the eye. From its posterior 
end a slender styloid process (st. p.) passes directly downwards and is connected 
at its lower end with a small cornual cartilage (cn. c.). Perhaps the sub- 
ocular arch answers to the palato-quadrate or primary upper jaw, the styloid 
and cornual cartilages to the main part of the hyoid arch. In close relation 
with the angle of the sub-ocular arch is an upwardly directed plate, the 
posterior lateral cartilage (p. lat. c.). 

Connected with the anterior end of the basal plate is the large bilobed 
posterior dorsal cartilage (p. d. c.) ; it appears to be formed from the united 
anterior ends of the trabeculae. Below and projecting in front of it is the 
anterior dorsal cartilage (a. d. c.), which is probably homologous with the upper 
labial cartilage of some Fishes and Amphibians (see below). Also belonging 
to the series of labial caurtilages are the paired anterior lateral cartilages (a. 1 . c.) 
and the great ring-shaped annular cartilage (an. c.) which supports the edge 
of the buccal funnel. 

The " tongue ” is supported by a long unpaired lingual cartilage (Fig. 105, 
Ig. c.), which may answer to the united Meckel’s cartilages or ventral portion 
of the mandibular airch of other Craniata (see p. 78) ; it is tipped in front by 
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a small median and a pair of still smaller lateral cartilages. Below it is a 
slender T-shaped median ventral cartilage {m. v. c.), which may possibly be 
the median ventral element of the mandibular arch. Lastly, attached to each 
side of the annular cartilage and passing backwards and downwards are a 
pair of tapering, rod-like styliform cartilages (sty. c.). ■ 

The visceral skeleton also differs in a remarkable manner from the ordinary 
Craniate t3T)e, and is only doubtfully related to it. It consists of a branchial 
basket, formed, on each side, of nine irregularly curved vertical bars of cartilage 
(Fig. 105, br. b. i — 9), the first placed almost immediately posterior to the 
styloid cartilage, the second immediately in front of the first gill-cleft, the 
remaining seven just behind the seven gill-clefts. These bars are united 
together by four longitudinal rods (Ic. i — 4), of which one lies alongside the 
notochord and is connected in front with the cranium, two others are placed 
respectively above and below the gill-clefts, while the fourth is situated close 
to the middle ventral line and is partly fused with its fellow of the opposite 
side. The posterior vertical bar is connected with a cup-like cartilage (/>c. c.), 
which supports the posterior and lateral walls of the pericardium. The whole 
branchial basket lies external to the gill-pouches and branchial arteries, not, 
like typical visceral arches, in the walls of the pharynx. 

The median fins are supported by the delicate cartilaginous rods already 
referred to, which are more numerous than the myomeres, and lie parallel 
to one another in the substance of the fin, extending downwards to the fibrous 
neural tube. 

The structure of the cartilage is peculiar and varies in different parts ; it has 
very little matrix. 

The muscles of the trunk and tail are arranged in myomeres which take 
a zigzag course. In the branchial region they are divided into dorsal and 
ventral bands, which pass respectively above and below the gill-slits ; but in 
the trunk there is no division into dorsal and ventral parts. A great mass 
of radiating muscle is inserted into the buccal funnel, and the " tongue ” 
has an extremely complex musculature which derives its nerve-supply from the 
trigeminal. 

Digestive Oi^ans. — The teeth are laminated homy cones : beneath them 
lie mesodermal papillae covered with ectoderm which bear a superficial re- 
semblance to the germs of true cadcified teeth. When worn out they are 
succeeded by others developed at their bases. The mouth leads into a bticcal 
cavity (Fig. 107, m.) formed from the stomodaeum of the embryo, and com- 
municating behind with two tubes placed one above the other ; the dorsal of 
these is the gullet (ces.), the ventral the respiratory tube (r. t., see below) : 
guarding the entrance to the latter is a curtain-like fold, the velum (»/.). The 
gullet bends over the pericardium and enters the intestine (ini.) by a valvular 
aperture. The intestine passes without convolutions to the anus ; its anterior 
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end is slightly dilated, Snd is the only representative of a stomach : its posterior 
end is widened to form the rectum (Fig. 113, r.). The whole of the intestine is 



formed from the mesenteron of the embryo, and the blastopore becomes the 
^nus, there being no proctodaeum. The lumen of the intestine is crescentric, 
owing to the presence of a typklosole (Fig. 112, *«L), which takes a somewhat 
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spiral course and is hence known as the spiral valve. There is no continuous 
mesentery, but a number of narrow supporting bands. 

The liver (Fig. 107, Ir.) is a large bilobed organ, and is peculiar from the fact 
that there is neither gall-bladder nor bile-duct in the adult, except as an 
individual variation, although both are present in the larva. There are a 
few follicles on the surface of the liver, which may represent a pancreas : the 
spleen is absent. Paired glands imbedded in the muscles of the head, and 
opening into the mouth, are known as " salivary glands." 

Respiratory Organs. — The Lampreys differ from all other Vertebrata in the 
fact that the gills do not open directly into the enteric canal in the adult, 
but into a respiratory tube (Fig. 107, r. t.) lyingfbelow the gullet. This is a wide 
tube opening in front into the buccal cavity, and ending bUndly a short 
distance in front of the heart : in the larva it communicates behind with the 
intestine, and is, in fact, the phar3mx, the gullet of the adult being not yet 
developed ; but at the time of metamorphosis it loses its connection with the 
intestine, and the gullet is developed as a forward extension of the latter — 
an entirely new formation. The respiratory organs are typical gill-pouches 
{br. 5) : they have the form of biconvex lenses, with numerous gill-lamellae 
developed on the inner surfaces, and are separated from one another by 
wide interbranchial septa. In the larva an additional cleft has been found in 
front of the first of the adult series. 

Gireulatory System. — ^The atrium {au.) lies to the left of the ventricle (v.) 
and receives blood from a small sinus venosus (s.w.). There is no conus 
arteriosus, but the proximal end of the ventral aorta presents a slight dilatation 
or bulbus arteriosus. Both afferent and efferent branchial arteries supply each 
the posterior hemibranch of one gill-pouch and the anterior hemibranch of the 
next : they are thus related to the gills, not to the giU-pouches. In addition 
to the paired jugulars (/«.) there is a median ventral inferior jugular vein {i. ju.) 
returning the blood from the lower parts of the head. There is no renal-portal 
system, the two branches of the caudal vein being continued directly into the 
cardinals {cd.). The left precaval disappears in the adult, so that the jugulars 
and cardinals of both sides open into the right precaval. The red blood- 
corpuscles are circular, nucleated discs. There is a large system of l3miphatic 
sinuses. 

Nervous System. — In the brain the small size of the cerebellum (Fig. 108, 
crb.) is remarkable : it is a mere transverse band roofing over the anterior end 
of the metacoele. The optic lobes {opt. 1 .) are very imperfectly differentiated, 
and the central region of the roof of the mid-brain is formed merely of a layer 
of epithelium, so that when the membranes of the brain are removed, an aperture 
is left which is covered in the entire organ by a vascular thickening of ^e pia, 
or choroid plexus {ch. pi. 2). On the dorsal border of the lateral wall of the 
diencephalon are the two ganglia habenulee, the right {r. gn. hb.) much larger 
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than the left (i. gn. hb.) : they are connected with the pineal apparatus. Below 
the diencephalon is a small flattened pituitary body (Fig. 109, piy. b.). In 
front of the diencephalon are paired bean-like masses, each consisting of a small 
posterior portion, the olfactory lobe {crb. h.), and a larger anterior portion, the 
olfactory bulb {olf. /.). The diaccele communicates in front with a small proso- 



Fig. 108, — Petromyzon mariniu. Dorsal (A) and ventral (B) views of brain, ch. pi, j, anterior 
choroid plexus forming roof of prosencephalon and diencephalon ; ch, pi. 2, aperture in roof of 
mid-brain exposed by removal of middle choroid plexus ; ch. pi. 3, metacoele exposed by removal 
of posterior choroid plexus ; crb. cerebellum ; crb. h. olfactory lobes ; cr. crb. crura cerebri ; dien. 
diencephalon ; inf. infundibulum ; l, gn. kb. left ganglion habenulae ; med. obi. medulla oblongata ; 

I, olfactory, Nv. 2, optic, Nv. 3, oculo- motor, Nv. 5, trigeminal, and Nv. 8, auditory nerves ; 
olf, 1. olfactory bulbs; opt. I, optic lobes; pn, pineal eye; r, gn. hb. right ganglion habenulae. 
(After Ahlbom.) 

code or common fore-ventride, which is roofed over by a choroid plexus {ch.pi. i), 
and from which a transverse passage goes off on each side and divides into two 
branches, a rhinocoele going directly forwards into the olfactory biilb, and a 
paracoele backwards into the olfactory lobe. 

The pineal apparatus consists of two vesicles placed in a vertical series : 
the dorsal-most of these is the vestigial pineal eye (Fig. 109, pn. e.) : it has 
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a pigmented retina, a flat and imperfectly formed lens, and is connected with 
the right ganglion habenulx. The lower vesicle {^arapineal organ, pn.), of the 
same nature as the upper but more imperfectly developed, is in connection with 
the small left ganglion habenulae. The pineal eye is not an organ capable, like 
the paired eyes, of forming definite images of objects, but probably is capable 
of distinguishing differences in the intensity of the light. The optic nerves 
differ from those of most of the higher classes in the fact that the chiasma is 
not visible externally — the intercrossing of the fibres taking place beneath the 
surface. 

The spinal cord (Figs. 107 and 112, my.) is flattened and band-like. The 



Fig, 109. — Fetromyzon. Side view of brain with olfactory and pituitary sacs, in section. 
cblm. cerebellum ; cfb. h, olfactory lobe ; diett. diencephalon ; /. fold in nasal tube ; gL nasal 
glands ; inf, infundibulum ; 1 . gn, Kb, left ganglion habenulae ; med, obi. medulla oblongata ; na, 
ap, nostril ; nch, notochord ; Nv, 2, olfactory nerve ; Nv. 2, optic ; Nv, j, oculomotor ; Nv, 4, 
trochlear ; Nv, 5, trigeminal ; Nv, 6, abducent ; Nv. 7, facial ; Nv, 8, auditory ; Nv, 10, vagus ; 
Nv, 12^ hypoglossal ; olf, cp, olfactory capsule ; olf, I, olfactory bulb ; olf, m, m, olfactory mucous 
membrane ; opt, 1. optic lobe ; pn, parapineal organ ; pn. e, pineal eye ; pty. b. pituitary body ; 
pty. p, pituitary pouch ; sp. median septum of olfactory sac ; &p, z, dorsal root of first spinal 
nerve. (Combined from figures by Ahlbora and Kaenische.) 


dorsal roots of the spinal nerves alternate with the ventral roots, and do not 
unite with them to form a trunk : the dorsal roots are opposite the myo- 
commas, the ventral opposite the myombres. A s3mipathetic is represented. 
The hypoglossal is the i^t spinal nerve. 

Sensory Orguis. — ^The external nostril (Fig. 107, na”. Fig. 109, na. ap.) 
leads by a short passage into a rounded olfactory sac (Fig. 107, na.. Fig. 109) 
placed just in front of the brain and having its posterior wall raised into ridges 
covered by the olfactory mucous membrane (Fig. 109, olf. m. m.). From the 
bottom of the sac is given off a large pituitary pouch (Fig. 107, na\, Fig. 109, 
pty. p.) which extends downwards and backwards, between .the brain and 
the skull-floor, passes through the basicranial fontanelle, and ends blindly below 
Uie anterior end of the notochord. 

The relations between the olfactory sac, the pituitary pouch, arid the 
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pituitary body are very remarkable. In the embryo, before the stomodaeum 
(Fig. no, A , stdm.) communicates with the mesenteron, two unpaired ectodermal 
invaginations appear in front of the mouth. The foremost of these is the 
rudiment of the olfactory sac {olf. s.). The other, which is situated between 
the olfactory sac and the mouth, is the pituitary sac {pty. s.), which in this case 
opens just outside the stomodaeum instead of within it as in other Cramiata : 
its inner or blind end extends to the ventral surface of the fore-brain and termin- 



Fig. no. — ^Petromyzon. Diagrams of four stages in the development of the olfactory and 
pituitary sacs. br. brain ; ent. mesenteron ; inf. infundibulum ; /. Ip. lower lip ; nek. notochord ; 
olf. s. olfactory sac ; pn. pineal body ; pty. s. pituitary sac ; stdm. stomodaeum ; «. Ip. upper lip. 
(Altered from Dohm.) 

ates just below the infundibulum (*»/.). As development goes on, the olfactory 
and pituitary invaginations become sunk in a common pit (B), which, by the 
growth of the immense upper lip {up. 1 .), is gradually shifted to the top of 
the head (C, D), the process being accompanied by elongation of the pituitary 
sac, into which the olfactory sac opens posteriorly. Where the pituitary sac 
comes in cbntact with the infundibulum it gives off numerous small follicles 
which become separated off and give rise to the pituitary body (Fig. 109, 
pty. b.). Thus the entire nasal passage of the Lamprey, including its blind 
pouch, is a persistent pituitary sac into which the single olfactory oi^fan qpens. 
Moreover, owing to the extraordinary displacement undergone during develop- 
ment, the pituitary sac perforates the skull-floor from above instead of from 
below, as in all other Craniata. 
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The auditory organ (Fig. iii) is remarkable for having only two semicircular 
canals, corresponding to the anterior (a.s.c.) and posterior (p.s.c.) of the typical 
' organ. 

Organs of taste are present on the wall of the pharynx between the gill- 
sacs, and neuromast- or lateral line-organs are present on the head and trunk. 

Urinogenital Organs. — ^The kidneys (Figs. 
112 and 113, are long strap-shaped bodies 
developed from the mesonephros of the embryo. 
The tubules have no nephrostomes. Each kid- 
ney is attached along one edge to the dorsal wall 
of the body-cavity by a sheet of peritoneum ; 
along the other or free edge runs the “ ureter" 
(ur.), which is the undivided pronephric duct. 
The ureters open posteriorly into a small urino- 
genital sinus (Fig. 113, u.g.s.), placed just 
behind the rectum, and opening, by a urino- 
genital papilla (u.g.p.), into a pit in which the 
anus {a.) also lies. The side-walls of the sinus 
are pierced by a pair of small apertures, the genital pores (y.), which place its 
cavity in communication with the ccelome. 

The gonad (Fig. 107, ov., Fig. 112, ts.) is a large unpaired organ occupying 
the greater part of the abdominal cavity and sus- 
pended by a sheet of peritoneum. The sexes are 
separate, but ova have been found in the testis of 
the male. The reproductive products are shed into 
the coelome and make their way by the genital pores 
into the urinogenital sinus, and so to the surround- 
iju ing water, where impregnation takes place. 

d 
u 


Fig. X 12.— Fetronvion ma^ 
inns* Transverse section of 
trunk, cd, cardinal veins; d, 
ao, dorsal aorta ; /. r. fin-rays ; 
/. t fibrous tissue of spinal 
canal; int, intestine, the line 
pointing to the spiral valve; 
k» kidneys; ly, subvertebral 
lymph-sinus ; body-mus- 
cles; my, spinal cord; nc, 
notochord; n. spinal canal ; 
is, testis; ur, ureter. (From 
Parker's Zootomy,) 


Development. — ^The egg is telolecithal, having a 



Fig. 1 13. — ^Petromyzon maiinns. The uxino- 
genital sinus with posterior end of intestine and 
part of left kidney, a. anus ; ini, intestine ; k, 
left-kidney; r. rectum; urinogenital papilla ; 

u.g.s, urinogenital sinus ; ur, left urinary duct ; x, x\ 
apertures of ureters into urinogenital sinus; y, 
mstle passed into right genital pore; s, bristle 
passed from urinogenital aperture into sinus, 
(From Packer's Zootomy,) 



e-nd.s 
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Fig. III. — ^Auditory sac of Pe- 
tromsrzon. a.sx, anterior semicir- 
cular canal ; aud,n, auditory nerve ; 
end. s. endolymphatic sac ; p.s.c. 
posterior canal ; sac, sacculus ; 
utf, utriculus. (After Retzius.) 
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considerable accumulation of yolk in one hemisphere ; in correspondence with 
this, cleavage is complete but unequal, the morula consisting of an upper hemis- 
phere of small cells or micromeres (Fig. 114, mi. m.), free from yolk, and of a 
lower hemisphere of large cells or macromeres (mg. m.) containing much yolk. 
In the blastula stage (D) the segmentation-cavity or blastocoele {bid.) is situated 
nearer to the upper than to the lower pole. A transverse semilunar groove 
appears which is bounded by a prominent rim towards the future dorsal and 
anterior side : this is the blastopore {Up.). The macromeres become gradually 
enclosed by the micromeres as a result of a process which is partly invagina- 
tion, partly epiboly. During this process the segmentation cavity becomes 



Fig. 1 14. — PetromsrEOli. A and 2?, two stages in segmentation; C, early embryo from the 
posterior aspect ; D, section of blastula stage ; E, section of gastrula stage, blp. blastopore ; 
bid. blastocoele or segmentation-cavity ; k. keel ; mg. m. macromeres : mi. m. micromeres. fAfter 
Shipley and Kupffer.) 


displaced by the archenteron. The dorsal and ventral walls of the 
latter, unlike those of the archenteron of Amphioxus, differ widely from 
one another, the ventral wall being composed of a thick mass of yolk-ceUs 
(macromeres), while the roof is comparatively thin and consists of two or three 
layers of rounded cells. The lumen is a narrow, dorso-ventrally compressed 
cleft. When the process of gastrulation is completed, the blastopore tak es 
up a position at the postero-dorsal end. The development of the central 
nervous system differs widely from the corresponding process in Amphioxus, 
and is only approached among the Craniata by the Bony Fishes. The 
dorsal surf^e becomes flattened along a narrow longitudinal area, and 
along this a groove appears, which stops short just in front of the blastopore. 
The area along which the groove runs soon becomes raised up above the general 
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surface so as to form a narrow longitudinal elevation. Sections of this stage 
show that the ectoderm has developed a thickening along the course of the 
longitudinal groove, and this comes to grow downwards towards the archenteron 



Fig. 1 15. — ^Petromsrzon. Sections of embryos. A, transverse section of the trunk-region. 
B, transverse section of the head-region, cap. ccelomic sacs ; act. ectoderm ; end. endoderm ; ent. 
enteric cavity ; so. mesoderm-strand ; w.c.. mk. medullary cord and medullary keel ; nc. noto- 
chord. (From O. Hertwig; A, after Goette, B, after Kupffer.) 


as a solid longitudinal meduUary keel (Fig. 114, C, k ; Fig. 114, A, mg.). This 
is the rudiment of the central nervous system. Subsequently the keel becomes 

separated off from the surface ectoderm, 
and lies below it as a solid cord. It is 
only at a considerably later period that a 
lumen appears in this cord, and gives rise 
to the ventricles of the brain and the 
br./ central canal of the spinal cord. During 
the formation of the medullary keel the 
rudiment of the notochord is developed 
from the underl3dng endoderm very much 
as in Amphioxus (p. 54). On each side of 
the medullary cord and notochord is a 
group of cells arranged as a longitudinal 
strand — ^the mesoderm plates. In the 
head-region (Fig. 115, B) a number of 
diverticula from the archenteron — ccbIo~ 
mic diverticula — are given off into these 
strands ; in the trunk region (A) these 
are absent. .The inner portion of the 
mesoderm on each side becomes divided 
up into a series of mesodermal somites, the lateral part remaiiung undivided 
and forming the lateral plate. In this restriction of somite-formation to the 
part of the mesoderm immediately adjacent to the middle line, the Lamfue^ 



Fig. 116. — ^Patnmyaoa tnviatilit. Head 
of larva. A, from beneath; B, from the 
side. hr. j, first branchial aperture; eye, 
eye ; /. /. lower lip ; na. ap. nostril ; ti. /. 
upper lip, (After w. K. Parker.) 
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differs from Amphioxus and resembles all the rest of the Craniata. The blas- 
topore does not close up, but is converted into the anus, so that there is no 
proctodseum. The dorsal lip of the blastopore, very prominent from the first, 
becomes produced to give rise to the rudinient of the tail region. The mouth 
is developed later than the anus by the formation of a stomodaeal invagination. 

The young is hatched as a peculiar larval form called Ammoccetes (Fig. 116), 
which differs from the adult in several respects. The median fin is continuous. 
There is a semicircular, hood-shaped upper lip («. /.) instead of the suctorial 
buccal funnel of the adult, and teeth are absent. The buccal cavity is separated 
from the pharynx by a velum. A ciliated peripharyngeal groove encircles the 
pharynx in front and is continued backwards on the ventral side as a median 
groove opening behind into the thyroid gland, which is thus proved to be a 
special development of a structure corresponding to the endostyle of Amphioxus 
(p. 43) and the Tunicata. The eyes are rudimentary and hidden beneath the 
skin ; the brain is of far greater proportional size than in the adult ; and, 
as already mentioned, the gill-pouches open into the pharynx in the normal 
manner. 

2. Distinctive Characters and Classification. 

The Cyclostomata are Craniata in which the mouth lies at the bottom of 
a sucker-like buccal funnel, or in a depression edged with tentacles, and there 
are no jaws. Homy teeth are borne on the interior of the buccal funnel and 
on the large " tongue.” Paired fins are absent. There is no exoskeleton ; 
the skin is glandular. The vertebral column consists of a persistent notochord 
with a fibrous neural tube, in which rudimentary neural arches may be de- 
veloped. The skull is largely or wholly roofed by membrane, and there is an 
extensive development of labial cartilages. The segments of the post-auditory 
region of the head are more distinct than in the rest of the Craniata. The 
enteric canal is straight, and there is no cloaca. The respiratory organs are 
six to fourteen pairs of gill-pouches. There is no conus arteriosus and no 
renal portal system. There are large olfactory lobes, which may be either 
hollow or solid ; the cerebellum is very small. The olfactory organ is single 
and median, but is supplied by paired olfactory nerves ; it opens into a large 
persistent pituitary sac which perforates the basis cranii from above. The 
auditory organ has one or two semicircular canals. The kidney is a meso- 
nephros, the ureter a pronephric duct. The gonad is unpaired, and there 
are no gonoducts, the genital products making their exit by genital pores. 

The Class is divided into two Orders. 

Order i. — ^Petromyzontes. 

Cyclpstomata in which there is a well-developed dorsal fin and a comjffete 
brandffal basket ; the pituitary sac terminates postmorly in a blind pouch ; 
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the gills open into a respiratory tube below the gullet. This order includes 
the Lampreys, which belong to the genera Petromyzon, Mordacia, Geotria, 
Ichihyomyzon, etc. 

Obder 2 . — ^Myxinoidei. 

Cyclostomata in which the dorsal fin is absent or feebly developed ; the 
branchial basket is reduced ; the pituitary sac opens posteriorly into the mouth ; 
the gills open into the pharynx in the normal manner. 

This order includes the Hags or 
^ 0 Slime-eels, belonging to the genera My- 

xine, Paramyxine, and Eptatretus {Bdel- 
losioma). 

^ ' W f is* 3 . Comparison of the Myxinoids 

■ I r j WITH THE Lamprey. 

■ I ‘I* The organisation of the Lampreys 

|| fl f is so uniform that all that will be 

M 9 19 necessary in the present section is to 

J I 9 indicate the principal points in which 

I* JH r the Hags differ from them. 

^ {■' '^9 My xine is about the size of a fresh- 

* P 9 water Lamprey — f.e., some forty-five cm. 

I .9 long: Eptatretus is fully a metre in 

tS Ik length. Both are remarkable for the 

1^. br.elt\* ^9 immense quantities of slime they are 

^ 9 V 9 capable of exuding from the general 

*' surface and from the segmentally ar- 

k jUfc: ranged mucus-glands of the skin. It is 

/ said that two specimens of My xine 
oesLed thrown into a bucket of water are cap- ^ 
^ ^ able of gelatinising the whole with their 

and of Eptatoto drratas from beneath, secretion. Ine slime-glcinds ot Myxtuc 

br. ap. branchial aperture ; br. cl. i, first contain neculiar " thread-rpllc " rnn 
branchial cleft ;»»/*. moutti; n«. «p. nasal peculiar inreaa-ceus con- 

aperture: as. ct. d. oesoph^eo-cutaneous taining a much-coiled thread which 

duct. The smaller openings in ..4 are those tt. - it j' 

of the mucus-glands. (After w. K. Parher.) Unwinds either before or after the dis- 
charge of the cell from the gland. 

Myxine approaches most nearly to the condition of an internal parasite of 
any Vertebrate ; it is said to attach itself to living Fishes and gradually to 
bore its way into the coelome, devourii!^ the flesh as it goes. 

There is no true buccal funnel : the space on which the mouth opens is 
edged with tentacles (Fig. 117} supported by cartilages ; there is a single median 
tooth above the oral aperture, and two rows of smaller teeth on the tongue. 


duct. The s 
of the mucus 
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The papillae beneath the cone-like homy teeth beair a still closer superficial 
resemblance to rudiments (or vestiges) of true calcified teeth than is the case in 
the Lamprey ; but it appears that no odontoblasts and no calcified substance 
of any kind are formed in connection with them. A velum separates the buccal 
cavity from the pharynx. The nostril {na. ap.) is a large unpaired aperture 
situated in the dorsal margin of the buccal space, and is continued into a 
passage, the pituitary sac, which opens into the phar3mx by an aperture 
which appears in late embryonic life. Myxine commonly lives nearly buried 
in mud, and the respiratory current passes through this passage to the 
gills. 

The only fin is a narrow caudal siHrrounding the end of the tail. The respira- 
tory organs present striking differences in the two genera. In Eptatretus 
there are in different species six to fourteen very small external branchial 
apertures {br. cl. i) on each side, each of which communicates by a short tube 
with one of the gill-pouches, which is again connected with the phar5mx by 
another tube. Behind and close to the last gill-slit, on the left side, is an 
aperture leading into a tube, the cesophageo-cutaneous duct {ces. ct. d.), which 
opens directly into the pharynx. In Myxine (Fig. 117, A) the tubes leading 
outwards from the gill-pouches all unite together before opening on the exterior, 
so that there is only a single external branchial aperture {br. ap.) on each side ; 
into the left common tube (c. br. t.) the cesophageo-cutaneous duct {ces. ct. d.) 
opens. In both genera the internal branch!^ apertures communicate directly 
with the phar5mx ; there is no respiratory tube. 

The neural Ccinal is over-arched merely by fibrous tissue (Fig. 118, n.t.) ; 
there is no trace of neural arches in the trunk, but in the posterior part of the 
caudal region both neural canal and notochord are enclosed in a continuous 
cartilaginous plate. Similarly the roof of the skull is entirely membranous. 
The nasal passage {na. t.) is strengthened by rings of cartilage, and the buccal 
tentacles are supported by rods of the same tissue. Behind the styloid cartil- 
age or hyoid bar {st. p.) is a rod connected below with the subocular arch ; 
it probably represents the first branchial bar. The " tongue '' is supported 
by an immense cartilage (m. v. c.), in part corresponding to the lingual cartilage 
of the Lamprey. The branchial basket is rudimentary, being represented only 
by certain small irregular cartilages, such as one in the walls of the cesophageo- 
cutaneous duct, and, in Myxine (Fig. 118, br. b.), one on the right side support- 
ing the common external gill-tube. 

The myotomes of one side alternate with those of the other. 

The intestine is very wide. The liver consists of two separate portions, 
the ducts of which open separately into the gall-bladder. A pancreas-like 
gland is present in both Myxine and Eptatretus. The brain differs considerably 
from that of the Lamprey, especially in the larger olfactory lobes and the 
reduced ventricles, and smaller mid-brain. The dorsal and ventral roots of the 
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spinal nerves unite instead of remaining separate. The eyes are vestigial and 
sunk beneath the skin, and the auditory organ (Fig. 119) has only single semi- 



a.c 





Fig. 1 19. — ^Auditory organ of 
Hyxine. amp,, amp', ampullae ; 
end. s. endolymphatic sac ; s. c. 
semicircular canal; utr. sac. utrj< 
culO'SaccuIus. (After Hetzius.) 



Fig. 120. — A, portion 
of kidney of 

segment at same, 
highly magnified. a, 
ureter ; b, urinary tubule ; 

c, Malpighian capsule ; 

d, BMeraat artery ; e, 
efferent artenr. (From 
Gegeshbaur's Comparative 
Afudomy*) 
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circular canal, which, having an ampulla at each end, probably represents both 
anterior and posterior canals. 

Eptatretus has a persistent pronephros in the form of a paired irregularly 
ovoidal body situated just above the heart and consisting of a large number of 
tubules richly branched peripherally : the nephrostomes open into the peri- 
cardium. The tubules do not communicate with the pronephric duct in 
Myxine, but end blindly : in Eptatretus they open into an incomplete longitu- 
dinal duct, which does not communicate with the permanent kidney-duct. 
The functional kidney is the mesonephros, and is specially interesting from the 
fact that in M}rxinoids it retains in the adult its primitive segmental arrange- 
ment. The " ureter '' (pronephric duct. Fig. 120, A) sends off in each segment 
a coiled tubule (J) with a single Malpighian capsule (c), into which a branch 
from the aorta {d) enters and forms a glomerulus. 

Myxine is hermaphrodite, the anterior part of the gonad being ovary, the 
posterior testis : in some the ovary is mature and the testis rudimentary, in 
others the opposite condition holds good, so that, while hermaphrodite, each 
individual is either predominantly female or predominantly male. The eggs 
of both genera are of great proportional size, and those of Myxine are enclosed, 
when laid in a homy, shell bearing numerous hooked processes at each pole ; 
by means of these the eggs are entangled together, and probably also attached 
to seaweed. 

In Eptatretus stouti, the only Myxinoid of which the development is known, 
the eggs are elongated and cylindrical, and contain a large quantity of food- 
yolk. The segmentation is meroblastic, being confined to a germinal disc 
situated at one end of the elongated egg. The blastoderm thus formed extends 
gradually over the suface of the yolk, which it only completely encloses at a 
late stage, when the gill-clefts are all formed. Eptatretus differs from Petro- 
tnyzon and resembles the majority of the Craniata in the mode of development 
of the central nervous system, which is formed, not from a solid ectodermal 
keel, but from an open medullary groove the lips of which bend inwards and 
unite to form a medullary canal. 

The geographical distribution of the class is interesting from the fact that 
each order contains some genera which are mainly northern, others which 
are exclusively southern. Petromyzon is found on the coasts and in the rivers 
of Europe, North America, Japan, and West Africa ; it is therefore mainly 
Holarctic. Ichthyotnyzon is found in the Mississippi, St. Lawrence and 
Hudson’s Bay drainage systems, Mordacia in Tasmania and Chili, Geotria in 
the rivi^ of Chili, Australia, and New Zealand, llyxine occurs in the North 
Atlantic and on the Pacific Coast of South America ; Paramyxine in the Pacific ; 
Epiatretsts on the coasts of South Africa, New Zealand, and Chili. 
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SUB-PHYLUM V— GNATHOSTOMATA. 

The sub-phylum Gnathostomata includes all vertebrate animals with 
upper and lower jaws, and comprises a wide range of animals, from fish to the 
various tetrapod classes, which have in turn been derived from a fish ancestor. 

An entirely satisfactory classification of fishes is not easy to construct, 
because of the incompleteness of several parts of the fossil record, and the 
consequent lack of connecting links. Complete agreement as to their arrange- 
ment, therefore, has not been reached, and the student will meet with a 
considerable choice of classifications. 

The view, however, has steadily been gaining ground that within the old 
group of " Pisces ” — fishes, that is, in the widest sense — ^there are certain 
fundamental divisions which are of great antiquity, and which have little to 
do with one another beyond the possession of a possible but unknown common 
ancestor at a very remote, and equally unknown, period. 

The old classification, therefore, of the Gnathostomata into the five classes — 
Pisces, Amphibia, Reptilia, Aves, and Mammalia — becomes modified by the 
division of the fishes into four classes as follows : — 

Class APHETOHYOIDEA PLAcobeoMii' 

Sub-classes ^canthodii 
Arthkodira 

I..^NTIARCHI (PtERICHTHYOMORPHI) 

Petalichthyida (Anarthrodira) 

Rhenanida 

t^ALiEOSPONDYLIA 

Class CHONDRICHTHYES (SELACHII. ELASMOBRANCHII) 

Sub-classes Pleuropterygii (Clai>oselachii)u^ 

ICHTHYOTOMI 

Euselachii 

Holocephaei'^ 

Class ACTINOPTERYGII 

Sub-classes PAL.s:oPTERYGn 
Neopterygii 

Class CHOANICHTHYES ^ 

Sub-classes Crossopterygii (Rhipidistia and Actinistia)4-^ 

Dipneusti (Dipnoi)^ 

^ The Choanichthyes and the Tetrapoda together make up a class, the Choanata, but one 
which is so unwieldy as to reqnire a division into separate parts, each of which has to he tenned 
a “ class." 
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As compared with the tetrapoda, these four classes have certain characters 
in common. They have organs of respiration and of locomotion adapted for an 
aquatic mode of life. The chief, and in the majority the only, organs of 
respiration are the gills, which are in the form of a series of vascular processes 
attached to the septa of the branchial arches and persisting throughout 
life.^ 

The organs of locomotion are the paired pectoral and pelvic fins and the 
unpaired dorsal, anal, and caudal fins. These fins are all supported by fin-rays 
of dermal origin, in addition to the endoskeletal supports, and these fin-rays 
are diagnostic, as in no other animals in which fin-like structures may be present 
are fin-rays ever to be found. A dermal exoskeleton is typically present, and 
only on occasions is secondarily lost. In the endoskeleton the notochord is 
usually to some extent replaced by vertebrae, either of bone or cartilage. There 
is a well-developed skull and a system of visceral arches, of which the first 
pair form ® the upper and lower jaws, the latter movably articulating with the 
skull, and both normally bearing teeth (page 73). There is no middle ear 
(page 1 18) and no allantoic bladder, the latter being a structure which arises 
for the first time in the amphibia. These two negative characters are therefore 
also diagnostic. 

There are other characters found in one or other of the four classes which, 
though highly characteristic when they occur, cannot be called diagnostic, and 
it is the unequal distribution of these characters that makes the division of 
fishes into four classes desirable. A swim-bladder, for instance, is normally 
present, though it may be secondarily lost, in all fishes except the Chondrich- 
thyes, which never at any time possessed this structure.® The nasal capsules 
open by inhalent and exhalent apertures. These may be only partly separate, 
as in the Chondrichthyes, or may be completely separate, as in the 
Actinopterygii, where they are both dorsal in position. In the Choanichthyes 
one pair is external, the other internal in the mouth, a character from which 
the group takes its name. The condition of the circulatory system, the structure 
of the brain, the urogenital organs, fins, and scales all yield characters which 
help to diagnose the four sub-classes. 

The kidney is a mesonephros with an occasional persistence of a few prone- 
phric tubules. As in all gnathostomes, there are three semicircular canals in 
the ear. 

* This is a diagnostic character. Gill slits occur in the embryos of all vertebrates, but only 
in fishes do they function in the adult. The external gills found in some fishes and amphibia are 
not homologous structures. 

’ ActuaUy the second pair, primitively there was a premandibular arch which is represented 
in the Agnatha. 

* In the Aphetohyoidea and other extinct groups this structure, as also the condition of most 
other of the soft parts, can only be surmised. 
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CLASS APHETOHYOIDEA. 

In this class are now collected together a number of orders which show a 
wide range of adaptive radiation, and in some instances an appearance so 
un-fishlike that their zoological position has been one of uncertainty. Some 
have been thought to be Agnatha, some as being allied to the Dipnoi, and some 
to the Chondrichthyes. Although there is still a body of opinion that considers 
the elasmobranch relationship to be fairly close, it can now be shown, or made 
very probable, that all the orders here included in the Aphetohyoidea are united 
in having at least one character of fundamental importance in which they differ 
from all other Gnathostomes, and that is the possession of a complete hyoid 
gill-slit and, in consequence, a t5qje of jaw suspension (see page 73) that is 
more primitive than in any other class of Gnathostome.^ There are a number of 
other characters which suggest an ultimate common ancestor for all the orders, 
one which is probably most nearly approached by the Acanthodii. 

The sub-classes comprising the Aphetohyoidea are the : — 

Acanthodii, 

Arthrodira, 

Antiarchi, 

Petalichthyida, 

Rhenanida, 

Palseospondylia 

Sub-Class Aeanthodii. 

This order contains the oldest known Gnathostomes. Appearing first in 
the Upper Silurian, it reached its maximum development during the Lower 
Devonian, at a time when other classes of fishes were only just beginning to 
evolve, and persisted imtil its extinction in the Lower Permian. 

Acanthodians are fish-like organisms, usually with elongated fusiform 
bodies, which, in the final stages of evolution, b^me almost eel-like. The 
snout is blunt, the mouth terminal, and the eyes are large and forwardly 
placed. The tail is heterocercal, the fins are supported each by a strong 
anterior spine. There are primitively two dorsal fins (reduced to one in the 
later foims) and one anal fin. Betw^n the pairs of pectoral and pdvic fins 
is an intermediate series of pairs of fins which increase in size as they proceed 
backwards. Primitively this series is more numerous, consistii^ of as many as 
five pairs, which suggests a derivation from an or^inally continuous fin-fold, 
but later the series becomes reduced to one small pair, and finally to none. 
A pectoral girdle (Fig. 121) is present, consisting of a scapular and coracoid 

^ See Watson, PkU, Trnns* Royal Soe., ** The Acanthodian Fishes,** 1937. 
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part, to which the spine of the fin is affixed. The pectoral fin shows traces of 
basal elements, as does also the dorsal fin. The peripheral part of the fin is 
supported by ceratotrichia. 


C»r. 



Fig. 121. — Dildacanthns. Pectoral girdle. Adm.Pect.Sp. median pectoral spine ; Cor. coracoid ; 
Sc. scapula ; Derm.Pl. dermal plate ; Lat.Pect.Sp. lateral pectoral spine. (After Watson.) 

Externally the body is covered with scales of highly characteristic appear- 
ance, being rhomboid in shape, and ornamented with striae, and so small as to 



Fig. 12Z. — niifiifttfna litioiliAtllS. Ant.Lat. antero-lateral dermal bone of the shoulder>girdle ; 
Br.Ar. x-^4. dermal elements of the branchial arches and their opercula ; D. Endo.Lym, foramen 
of Ductus cndolyn^haHciss \ Eye, orbit; Hy.Op. hyoid operctuum; L.L. lateral line; Mand. 
mandible ; Mand.Op. dorsal part of mandibular operculum ; Mand. Ray, lower part of mandibular 
operculum; Ps£;f. 5 ;^.pectorarspine ; 5 c. scapula; Su^.Or.C. supraorbital canal. (After Watson.) 

appear almost granular. On the head (Fig. 122) they are rather larger, and are 
arranged in a definite pattern. In section they can be seen to be made up of 
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layers of bone substance in a manner comparable to a ganoid scale. Teeth are 
usually absent, but, when present, seem to be derived from modified scales, 
and to be replaceable as in the elasmobranchs, which is more probably a primi- 
tive feature than evidence of any dose connection between the two classes. 

As a rule, specimens of Acanthodii are found crushed flat, and not suffi- 
ciently well preserved to do more than indicate the external features, but 
specimens of the genus Acanthodes {A. hronni) are known sufficiently well 
preserved to allow a description of the neurocranium and visceral arches. 


Ant Os 



Fig. 123. — ^Acanthodes. Skull, Ventral aspect. Ant, Bas, anterior basal; n/. Os. anterior 
ossicles ; } Ao, groove for dorsal aorta ; Dor. Os. dorsal bone ; Hyp. For. hypophysial foramen ; 
Jug. C. jugular canal ; Lat. Oc. lateral occipital ; M. Bas. middle basal ; Oc. N. foramina for 
occipital nerves ; Ot. Pr. Art. articulation for the otic process ; Pal. Bas. Art, articulation for the 
palatobasal process ; Post. Bas. posterior basal ; Post. Orb. Col. post-orbital column ; X. notch 
for vagus nerve. (After Watson.) 

This form is somewhat late in time, and therefore mor^ specialised than 
the earUer species, but nevertheless shows the essential features of the order 
and class. 

The neurocranium (Figs. 123, 124) jaws and branchial arches (Fig. 124) are 
largely cartilaginous, but ossified in parts by a layer of external perichondrial 
bone, a primitive type of ossification such as occurs also in some of the Agnatha. 
The ossifications of the neurocranium are not easy to reconcile with those of 
other Gnathostomes. They consist of paired lateral dorsal plates which may 
fuse, an anterior middle and posterior ventral plates, and in front five small 
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ossicles, one unpaired, supporting the rostrum. A pair of lateral occipital 
ossicles, one l3dng on each side of the posterior ventral plate, but at a higher 
level, completes the list. The jaws consist of a stout palato-quadrate bar for 
the upper and the mandible for the lower portion. The interesting and im- 
portant point about these elements is that each ossifies from two centres, two 


Ot.PrArt. Ph.Br.L 




Fig. X24. — Acanthodes. sp. Heads reconstructed : 

A. With the mandible and palato<quadrate removed. 

B. Complete except for the removal of the scales. 

Anf.Bas. anterior basal; AntOss, anterior ossification in the basis cranii; basi* 

branchial ; ^ Cer.BrJ, I » cerato-branchials ; Cef.Hy, ceratohyal ; Circ,Or. circum-orbital bones ; 
Cor, coracoid ; Dor, Os, dorsal bone of neurocranium ; Ep,Br, epibranchials 1-4 ; F.R,Ao. foramen 
for aorta ; Hyp,Br, 8c Hy, hypobranchial and hypohyal ; Lat.Oc, lateral ossification in neuro- 
cranium; M,Gill,Ck, margin of gill chamber; Mand,Ant, anterior ossification of MeckeVs 
cartilage ; Mand.Post, posterior ossification of Meckel's cartilage ; Mand,Ray, ray of the mandi- 
bular operculum ; Mand.Spl, mandibular splint; Oc,N, foramina for occipital nerve ; Oc,Pr,Art, 
articular facet for otic process ; Pal.Bas,Art, palato-basal articulation ; Pal. Qu, Ant, anterior bone 
of palato-quadrate cartilage ; Pal.Qu.Post, posterior bone of palato-quadrate cartilage ; Pect, Sp, 
spine of pectoral fin ; Sc. scapula ; X, vagus foramen. (After Watson.) 


for the upper and two for the lower, so that the jaws are formed from four 
pieces, exactly as are the hyoid and subsequent gill-arches, evidence that the 
jaws are themselves modified gill-arches. Later in life a special ossification 
occurs in the otic process. The hyoid arch is complete, and takes no part in the 
jaw si;^>ension, and is supplied throughout its length with g^-iakers, which is 
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Fig. 125.— Outlines of Acanthodians. (After Graham-Smith.) 


T Generalised hiwthetical ancestor. „ „ - 
2: bSSSSSbi mMnioolL Lower O.R.^Forfar. 

3 . "Mwaattae andnatas- Loww O.R.S. 

A Pacums Jnwufviii- Lower O.R.S. 
c* Tti rl wmfUlith*— Lower O.R.S. Forfar. 

6 longlwtew* Middle O.R.S. Achanarras. 

7 . wSSSttl » Middle O.R.S. Ach^rras. 

8 MMaMIlttKQi Middle 

Q ChMraoaiiiliiit minehimiiL Middle O.R.S. A^^rras- 
il AoSSSl twidm upper O.R.S.Scaumenac. 


at first to cover the lower part of the gills, and finally to take over 
iSn rf Covering theii. so as to pioduce ^ comparable m 

extent and external with that of the later bony fishes. 
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The Acanthodians (Fig. 125) may be classified into four families : the 
Diplacanthidae, with two dorsal fins and the ventral fin spines well marked 
(Diplacanihus, Parexm, Climatius) ; the Acanthodidae, -with a single dorsal fin 
and a tendency to the reduction of the ventral fin spines (Acanthodes, 
Cheiracanthus, Mesacanthus) ; the Ischnacanthidae, with two dorsal fins 
and simplified ventral fins and well-developed teeth {Ischnacanthus) ; the 
Gyracanthidae {Gyracanthus) are probably Acanthodians, but are as yet 
insufficiently known. 


Sub-elass Arthrodira. 

In external appearance the Arthrodira seem, at first sight, -to be very 
different from the Acanthodii. The head is always protected by bony plates 
united to form a strong cranial roof, which is articulated by means of sockets to a 
pair of condyles on an equally strong bony cuirass covering the anterior parts 
of the body. These plates are usually ornamented by tubercles. The remaining 
free part of the body, when known, tapers to a whip-like tail, sind is either 
naked or, in some, covered with scales. dorsal fin is commonly present, 
and a pair of fins on the ventral side mikt be regarded as representing the 
pelvics. Free pectoral fins do not occur, but are represented by an immovable 
spine on each side, which gradually becomes reduced almost to extinction. The 
presence of an operculum covering branchial arches can be inferred. The 
vertebral column, when known, has a widely open notochord, well-developed 
neural and haemal arches, but no centra or ribs. Jaws and teeth, the latter 
rather soon worn down, have been seen in some forms, and may be presumed 
to have normally been present throughout the group. 

Arthrodires, which are not known to occur outside the Devonian period, 
may be classified as follows : 

Acanthaspidomorphi : Monaspidae. 

Mediaspidae. 

Poljraspidae. 

Ptyctodontidae. 

Coccosteontorphi : Coccosteidae. 

Homosteidae. 

Mylostomidae. 

The Acanthaspidomorphi are the more primitive, and, except for some Upper 
Devonian Ptyctodonts, ranged from the ix)wer to the Middle Devonian. 
The Monaspidae (Fig. 126) have a head and carapace with the plates firmly 
united and the sutures hardly visible externally. In the Mediaspidae the 
sutures are still firm, but more noticeable, while in the Polyaspidae and 
Ptyctodonidae they became so loosely united that specimens are never found 
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Fig. 126. — Jsekelaspis decipieni. (After ^ 

Heintz.) ^ 

preserved entire, an instance of the gradual reduction 
of armour. The dermal armour over the trunk has a 
considerable backward extension, and is noticeable 
for the long hollow spine on each side projecting from 
the ventro-lateral part of the shoulder-girdle. This 
structure is comparable with the fin-spine and 
shoulder-girdle of such a form as Climatius among 
the Acanthodians. The arrangement of the plates 
on the head and body bear a close comparison with 
those found in the Coccosteomorphi. Some repre- 
sentative genera of the Acanthaspidomorphi are 
Jakdaspis, Momspis, Acanihaspis, PhoUdosteus, 

Phlyctanaspis, Lwnaspis, etc.^ 

The Coccosteomorphi are fishes ranging from 
medium to a very large size, some of them — e.g., 

Dinichthys — having reached a length of not less than 30 ^ 

feet. The most completely known form, Coccosteus {e.g., C. decipiens) (Fig. 127), 

^ See Heiatz ia list of literature at end of volume. 
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may be. taken as typical of the rest. The head and carapace (Fig. 127, 128, 129) 
are stout, and occupy about a third of the total body length. The body was 


Pre.Or Proc. 



Fig. 128a. — Coccosteos dedpieiif. Restora- Fig. 1286. — Coccostens decipiens. Head 

tion of palatal view. A.S.G., PS,G. anterior plates of the left side. R, rostral plate; 

and posterior tooth-plates ; Pre,Or.Proc. pre- P. pineal plate ; Pro.^ Pto, pre- and post- 
orbital process ; Sub, Or, sub-orbital bone. orbitals ; Pm, post-median ; C, central ; M, 

(After Watson.) marginaJ ; MB, median basal : E,B. extero- 

basal ; a. lateral line canals. (After Heintz.) 

apparently naked, and ended in a whip-like tail. . A dorsal fin and a pair of 
pelvic fins and a curious " anal ” plate are the only appendages, except for a 



Fig. X29. — Oocooiteus dacipiemu Shoulder girdle in side and ventral view. Sp, spine ; IL, 
infero- lateral ; K, articular process for head. Other letters as in Fig. 13 1. (After Heintz.) 

reduced spine on each side representing the pectoral appendage. The vertebral 
column is as that described above as typical of the Arthrodires in general. 
The head (Fig^. 1280, b) is covered along the mid-dorsal line by three unpaired 
YOt. lU M 
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plates, a rostral in front followed by a pineal, both small, and by a large median 
plate at the back of the skull. All other plates are paired. Of them one pair, 
the centrals, meet in the middle line, and along each side, reckoning from the 
front, are the pairs of post-nasals, .pre-orbitals, marginals, post-marginals and 
extemo-basals. The eyes are supported each by four sclerotic plates, and 
below them are the sub-orbital and post-sub-orbital plates. This arrangement 
is so different from any fishes outside the Aphetohyoidea that any attempt to 
homologise the plates with the head-bones of " bony ” fishes is unworkable. 

The jaw apparatus (Figs. 127, 128) 
consists of a median and two pairs of 
tooth-plates in the upper jaw, and a 
partially ossified meckels cartilage in 
the lower. The shoulder-girdle and 
cuirass (Fig. 129) are formed by a 
large median dorsal plate above and, 
along the sides, paired anterior and 
posterior dorso-laterals, below which 
are the paired anterior and posterior 
laterals. Thefioor of the box is formed 
by two unpaired bones in the front 
central part, the anterior and posterior 
median ventrals, and by two pairs of 
larger plates, the anterior and posterior 
ventro-laterals. The front part of this 
base is braced together by a transverse 

pair of rod-like bones, the intero- 

Fio. 130. — ^Homosteni miUerL A.B.nncei- la+pralc hptwppTi wVin<;p nntpr pnH«; 
tarn elements probably displaced gnathals ; 13-r6raJS, DCtween wnose Outer CnaS 

c. antero-iatersu, somewhat ' displaced ; ae. and the anterior laterals is fixed the 
rostral; o. orbit; other letters 2ts in Fig. 131. ,, x 1 • 1. -j 

(After Traquair, from Smith Woodward.) small pectoral spine on each Side. 

These structures are all to be found in 
the other families of the order, and are subject only to changes of shape and 
proportion — e.g., Dinichthys and Titanichthys (where the lateral spines haye 
almost vanished), Brachydirus, Pachyosteus, etc. The Homosteidae {HomosUtts 
(Fig. 130) and Heterosteus (Fig. 131) have the orbits completely enclosed 
within the head-shield by a forward extension of the post-orbital, and the 
anto’o-lateral plates of the shoulder-girdle project forwards to embrace the 
head (Fig. 131). The Mylostomidae have smooth plates and the dentition 
arranged as crushing plates. 

Sub-caass Antiardil (Pterlehthyomorphl). 

Like the Arthrodira, the Antiarchi are provided with a strong aimour over 
the head and shoulders, but with a somewhat different arrangement of the 
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plates, and with a different method of articulation of the head to the body 
the sockets being in this case on the cuirass and the articulating processes on 
the head. The pectoral appendages are of a much more elaborate structure. 

Pterickthyodes {Pterichthys) (Fig. 132) may be taken as the t3^e of the sole 
family, the Asterolepidae, the genera differing only in relatively unimportant 
details. The eyes are placed close together on the top of the head, a modification 
which is no doubt responsible for a rearrangement of the plates. Between the 



Fig. 131. — Heterosteus. A, angular; ADL, antero-dorso-lateral ; AL, anterior lateral; C. 
central ; EO. exoccipital (extero-basal) ; M. marginal ; MD. median dorsal ; P, pineal ; PDL. 
posterior dorso-lateral ; PJL. posterior lateral ; PLO. post-orbital ; Pr.O. pre-orbital ; P. rostral ; 
50 . sub-orbital. (After Heintz.) 

eyes lies a pineal plate, which is unattached to the neighbouring bones, and it is 
probable that there is another small prepineal plate just in front. The eyes 
are protected each by a saucer-like bone, which-may be a series of fused sclerotics. 
This bone is found l5dng directly over the eye, so as, apparently, to prevent any 
sight. Probably in life the eyes projected somewhat after the fashion of the 
living goby Periophthalmus, and these plates could be turned aside. The other 
head-plates are for the most part firmly united. There is a single premedian 
plate in front extending back to the orbit, and behind the orbit are the unpaired 
post-median and nuchal plates. At the sides are a large opercular and a smaller 
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sufflaminal plate, both free along their outer borders. These overlie a space in 
the shoulder region, and together form the gill-chamber. On the inner side 
of the sufflaminal plate on each side is a lateral plate whose inner border 
articulates with the nuchal, and which carries a shelf-like projection fitting 
into a socket on one of the shoulder-plates to allow of some movement of the 
head. The cuirass is formed by a large median dorsal and a posterior dorsal 



Fig. 132. — ^Ptericbthyodss. Upper figure in side view. Left-hand figure in dorsal, right-hand 
figure in ventral view. ADL. antero-dorsolateral ; AVL, antero- ventrolateral ; MD, median 
dorsal; MV- median ventral; PD- posterior dorsal; PDL- posterior dorsolateral; PVL, pos- 
terior ventrolateral ; 5. semilunar plate. ^ 

plate, both unpaired. Along the sides are the anterior and posterior dorso- 
laterals. The floor is made up anteriorly by a pair of anterior ventro-lateral 
plates, which enclose between them a pair of small se mil unar plates, and 
posteriorly by a pair of posterior ventrals. Between these pairs lies an un- 
paired median ventral. The anterior ventro-lateral plate have at their sides 
an excavation to hold the condylar head of the “ arms ” or pectoral appendages. 
These are highly developed, and are the leading characteristic of the order. 
They are formed of a number of plates, closely united except for a fleyible 
joint dividing them into a proximal and distal section. The arms were hdlow. 
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and provided with internal muscles, nerves and arteries. The jaw apparatus 
consists of a pair of large superognathals which bear a notch at the side, into 
which is fitted a small elongated element, and this in turn articulates with a 
third. The system therefore corresponds to some degree with that of Coccosteus. 
The lower jaws, except for being rather more weakly developed, are exactly 
like those of Coccosteus. 

The trunk is protected by well-developed scales and terminates in a 
heterocercal tail with a ventral web. A single dorsal fin is present supported by 
an anterior spine, and a series of fulcral scales runs along the upper border of the 
body from the fin to the tail. In this genus there are no pelvic fins. 

Another well-known genus is Bothriolepis (Fig. 133), which had a naked body, 
an extra plate on the head and a pair of fleshy protuberances at the ventro- 



Fig. 133. — ^Bothriolepis. (After Patten.) 


lateral border of the cuirass which are supposed to represent a pair of pelvic fins. 
Remigolepis lacks the median joint to the pectoral fins. Microbrachius and 
Asterolepis, Ceraspis and CeratoUpis are other recorded genera, and differ only 
in small particulars. The whole sub-class is very compact, and was confined to 
the Devonian period. 

Sub-Class Petaliehthyida (Anarthrodira). 

The Petaliehthyida depart somewhat from the plan of Coccosteus and the 
other Arthrodires. In the first place, the ball-and-socket joint between the head 
and body does not exist, the pattern of the head plating (Fig. 134) is somewhat 
different, and the pectoral and pelvic fins are constructed on a very different 
plan. On the other hand, the facts that the neurocranium (very well known 
in Macrop^alichthys) (Fig. 135) so much resembles that of an Acanthaspid, 
and that the hyoid arch took no part in the suspension of the jaws, are evidence 
that the order is rightly placed in the class of Aphetohyoidea. Certain charac- 
ters have caused some authorities ^ to look upon these fishes as allied to the 
Elasmobranchs. The paired fins in particular have been cited as evidence, 
and the structure of the shoulder-girdle, the tribasal pectoral fin (Fig. 137), and 
the Cladosektchfi-like pelvic ;fin are undoubtedly points of resemblance. The 


^ See especially Stenaid no. 47 and Heintz no. 35 in the Appendix on Literature. 
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shoulder-girdle, however, is equally like the primary girdle of such Acantho- 
dians as CUmatius or Diplacanthus, and the tribasal pectoral fin is paralleled, 
except for the absence of a spine, by that of Acanthodes. Moreover, a tribasal 
fin at this period is too advanced in structure to lead to the more simple but 
later fin of the earliest known elasmobranchs, such as Cladoselache. The 





Fig, 134. — ^Bpipetalichthys wildimgensis. Dorsal head-plates. L. j-j. lateral plates ; M. i->2. 
central plates ; P. j-2. external plates ; S. position of posterior plates ; d» end. Ductus endo^ 
lymphaticus ; ifc, infraorbital sensory canal ; Ic. lateral line on head ; Na, nasal opening ; olf. 
olfactory capsule ; orb. orbit ; pfg. anterior vacuity ; st, com. commissure of sensory canal ; 
soc. supra- orbital sensory cansil. (After Stensid.) 

pelvic fin certainly resembles that of Cladoselache, but is of a t37pe that is found 
equally in the early sturgeons and Palseoniscids, and is too generalised and 
primitive to be of much value as evidence of any particular affinity. Other 
elasmobranch characters, such as the ventral position of the mouth and the 
flattening of the neurocranium, may be accounted for as the result of adaptation 
to a bottom living life. The different arrangement of the head-plates from the 
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general arthrodire pattern is not so great as appears at first sight, the chief 
difference being along the mid-dorsal line, which might be put down as the 
result of a secondary fusion. 




Fig. 135. — Hacropetalichthys raplieidolabis. Neurocranium in side (upper figure), dorsal (left- 
hand figure) and ventral (right-hand figure) views, a. opt. optic artery ; c. car. ext. external 
carotid ; c. hy, hyoid vein ; c, opth. sup, V. ? opthalmic ramus of Vth nerve ; ch. w. groove for 
notochord ; c, pal.^ palatine branch of Vllth nerve ; c.ra. aorta ; cl. dorsal branch of Xth nerve ; 
cr. od. dorsal occipital crest ; cr. ol. lateral occipital crest ; cr. sp. cranio-spinal process ; d, IX. 
dorsal branch of IXth nerve ; d. end. ductus endolymphaticus ; /. art. hm. ? facet for hyomandi- 
bular ; /. end. endolymphatic fossa ; /. m. foramen magnum ; hcBm. haemal groove ; ju. mandi- 
bular vein ; n. 1. lateralis nerve ; n. a. nasal opening ; n.f. nasal fontanelle ; olf. nasal capsule ; 
orh, orbit ; par. pineal opening ; pfg. anterior vacuity ; pr, postero-lateral process of occipital 
region ; s. pal. palatine ramus of Vllth nerve ; s. ra. root of aorta ; s.x^, external opening for Xth 
nerve. (After Stensid.) 

In this sub-class are placed the genera Macropetalichthys (Fig. 136) a Middle 
Devonian form, Stensiodla (Fig. 138) of the Lower Devonian, Epipetalichthys 
of the Upper Devonian and perhaps Cratoselache of the Lower Carboniferous. 

Sub-Class Rhenanidi. 

This order comprises only two families : the Asterosteidae {Gemttendina, a 
Lower Devonian and Asierosteus, a Middle Devonian form) and the Jagorinidae 
(with a sole genus Jagorina in the Upper Devonian). In these fishes the cranial 
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bones are not 



greatly developed, and become progressively less so during the 
Devonian Period, so that in Jagorina they are reduced merely 
to bony tubercles. 

Gemuendina (Fig. 139) is the best-known form ; obviously 
a bottom-living animal it has, by convergent adaptation, 
acquired very much the shape of a living skate. The head 
has on the top a central plate of bone, and ranged on each 
side are three pairs of plates which do not articulate, but are 
surrounded by areas of skin-bearing tubercles. The large 
pectoral fins were supported by a secondary elongation of the 
radials, and behind them are the smaller, flattened pelvic fins. 
The body then tapers to a pointed tail. A dorsal fin is 
present supported by an anterior spine much as in Acanthodes 



Fig. 137. — IfacropetaUchthys praemiensifl. Co, 

coracoid ; S. scapula ; Po., Ma., Mt, pro-, meso- 
and metapterygia ; R. radials. (After Broili.) 


or Pterichthyodes. Behind this fin is a row of dorsal spines, 
and there is a row of similar spines on each side which start 
from a point just behind the pelvic fins and run to join the 
dorsal row at the end of the tail. The pectoral girdle (Fig. 
140) isJ[comparable with that of a Ptyctodont, but lacks the 
lateral spine. 

It will be seen from the foregoing account that, while 
fuller details are still required in several directions, there is 
sufficient evidence to warrant the bringing together of these 
fishes into a class separate from other fishes. There is a 
general similarity in the external skeleton of the Arthrodira, 
Antiarchi, and Petalichthyida, and the Rhenanida can be 
related to the latter order as relations with a reduced armature. 


The presence of gills supported on branchial arches and covered by an 


operculmn can be demonstrated in some, instances, and from them the presoice 
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of gills of a similar t3?pe can be reasonably inferred in the others. The jaws, 
when known, show no signs of any hyoid suspension, from which the 
aphetohyoid condition with its complete hyoid gill slit naturally follows. 

The Acanthodii, although they have undergone an adaptive radiation of 



Fig. 138. — SteniUMla heiittsi. 

(After Broili.) 



Fig. 139. — ^Gtomuendina sturtzi. 
(After Broili.) 


their own, give, in the basal facts of their anatomy, a reasonable picture of an 
ancestral form from which the other highly specialised orders could have 
evolved. 

Sttb^Class Palaeospondyiia* 

Palmospondylus gunni, the sole representative of this sub-class, occurs 
only^in two restricted areas of the Mid-Devonian of Caithness in Scotland. 
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From the time of its first discovery by Traquair in 1890 it has been the subject 
of much speculation, and has in turn been considered either as the larva of a 
dipnoan fish, of Coccosteus, or of an amphibian ; as a fish of Chrondichthyan 
affinity, and even as a teleost. Until quite recently the general consensus of, 
opinion has been that its nearest affinity was with the Agnatha, and certain of 
its features have led some to see in it a relationship, possibly ancestral, with 
the Myxinidae. 

Recent work by Moy-Thomas^ on new, as well as on a revision of old, 
material now shows that PalcBospondylus is not a member of the Agnatha, but 



Vert. 
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Fig. 140. — Qaemondina stoitzL Restoration of the front part of the body, with the head 
removed. antero-dorsolateral ; ./f .L. antero-latercd ; /». inter-lateral ; it/. O. median 

dorsal; P«c/. pectoral fin ; Pscf.Wnf.ikfar. anterior margin of petoral fin ; Pelt;, pelvic fin ; Vert. 
vertebral column. (After Watson.) 


that it is a true gnathostome, and is to be regarded as forming a sub-class of 
the Aphetohyoidea. 

Paleeospondylus gunni is a small fish, reaching a maximum length of about 
two inches, which occurs in great numbers in certain layers of the flagstones 
of a small quarry at Achanarras in Caithness. Unfortunately the preservation 
of only a very few specimens is sufficiently good to yield details of the structure. 
There is a depressed skull, a well-calcified vertebral column and a heterocercal 
tail. The fin-rays of the ventral lobe of the tail are longer than those of the 
dorsal, and the lower radials are two-jointed and the second row bifurcated 
(Fig. 141a). Paired fins were present, and traces of pectoral and pelvic girdles 
have been observed. In the vertebral column the neural arches are low in 

^ Dr. Moy-Thomas' description is not yet published (March 1939). I am indebted to him for 
information as well as for the two figures.— C. F-C. 
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front, but gradually lengthen into neural spines as the tail region is approached. 
Ventrally there are short hsemal ribs which posteriorly become heemal spines. 
The vertebral centra are stout and ring-shaped. The neurocranium (Fig. 1416), 
with its ring of tentacles in front, is complicated, and the interpretation of 



Fig. 141 . — Palofospondylus gunni. A. Complete animal. The head and anterior vertebrae in 
dorsal view, the posterior vertebrae and tail in lateral view. CE. centrum; HA. haemal arch; 
. neural arch ; PC?, pectoral girdle ; PF. pelvic girdle ; RA. rsLdials. 

B. Head in ventral view. AD, anterior median palatine; APQ, anterior part of palato- 
quadrate; BA, branchial arch; BB, basibranchial ; CE, ceratohyal; Hy, hyomandibular ; 
MA, mandible ; PP 0 . posterior part of palatoquadrate. (After Moy-Thomas.) 

some of its structures presents some difficulties. At first sight it gives the 
impression of a larval condition, but against this view is the fact that much of 
it is calcified,' and that the vertebral column is fully calcified even in the 
smallest specimens. It is dorso-ventrally compressed, complete and fully 
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calcified as regards its ventral surface and sides, but lacks a roof where no 
calcification has taken place. The auditory capsules are large, and form the 
end of the neurocranium. The upper jaws (Fig. 141, APQ, PPQ) are formed 
by a pair of elements, an anterior and posterior palatoquadrate, on each side. 
The lower jaws are represented by a single pair which end bluntly [MA). If, as 
seems possible, there was an anterior uncalcified piece on each side, the jaw 
apparatus would be comparable to that found in the Acanthodii {see Fig. 124). 
The hyoid arch {HY, CE) is complete, and takes no part in the support of the 
jaws which is also an aphetohyoidean character. 

A pair of ventral elements Ipng posterior to the auditory capsules repre- 
sent a branchial arch, and a small element lying outside the second of these is 
considered to represent part of the pectoral girdle. 

If these structures are correctly interpreted, it seems that Palaospondylus 
is correctly placed in the Aphetohyoidea. 

CLASS CHONDRICHTHYES (ELASMOBRANCHII SELACHII). 

This class comprises the living sharks, rays, and chimaeras, together with a 
number of extinct orders. The characters of the class as a whole are that the 
skeleton is entirely cartilaginous, in which there may be some calcification, 
but no true bone. An operculum is not present, except in the Holocephali, 
and the gill-slits open directly to the exterior. The gills are laminar (p. 85). 
A cloaca is present whose external opening serves as a common outlet for the 
rectum as weU as the renal and reproductive ducts. In the circulatory system 
a rh3d:hmically contractile conus arteriosus with several transverse rows of 
valves is always well developed. The venous system is expanded in places into 
large sinuses which do not occur in other fishes, and therefore may be con- 
sidered as one of the diagnostic characters of the class, as are also the com- 
plicated claspers in the male (absent only in one extinct sub-class, the 
Pleuropterygii), and the large and highly organised egg-cases produced by the 
female. Fertilisation is, with few exceptions, internal, and many species are 
viviparous. The large spiral valve in the intestine and the abdominal pores are 
characteristic, but occur in some other fishes. The body is normally covered 
with placoid scales, which in practice may be considered as diagnostic.^ 

Chondrichthyes appear for the first time towards the end of the Devonian 
period, and the more modem types not until the Carboniferous, so that the 
class as a whole appears somewhat later than the other three classes, aH of 
which appear during the Middle Devonian or earlier. 

^ Small denticles indistinguisliable histologically from placoid scales have been fonnd in some 
other fishes — e,g., Lepidosieus and in the Siluroids or Catfishes An explanation of the occur- 
rence of such scales in addition to the ordinary kind in these actinopterygians presets some 
difficulties, and there is as yet not enough evidence to show whether they are persistent or new 
structures. 
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Sub-Class Pleuropterygii (Cladoselaehil). 

Extinct, shark-like Chondrichthyes with a fusiform body, heterocercal tail 
with a large lower lobe, and horizontal keel-like fin on each side of the caudal 
peduncle. In this pair of lateral expansions, which stand out at right angles 
to the body, there are basal elements, but apparently no radials. The 
structure is not known in any other fish, and is not easy to homologise. No 
anal fin has been described, and appears to be absent, and it has been suggested 
that these keel fins represent a doubled anal fin. The mouth is subterminal 
and without any pronounced rostrum. The body is covered with small 
denticles, whose minute structure is as yet unknown. The teeth are typically 
selachian, and consist of a long, thin, pointed main cusp with smaller lateral 
cusps fixed on a broad base. The jaw suspension was amphistylic, and the 
notochord unconstricted. The absence of claspers in the male is a feature unique 
in the Chondrichthyes, and may be regarded as a very primitive character. 



Fig. 142. — Cladoselache fylerL The dorsal spine as found in its natural position. The neuro- 
cranium and jaws are from specimens in the Cleveland Museum of Natural History. (Modified 
by J. E. Harris after Dean.) 

The pectoral and pelvic fins show a very wide basal attachment to the body, 
and were without the anterior arid posterior constriction from the body-wall, 
which is usual in the paired fins of almost all fishes. The skeleton of the fins 
consists of parallel cartilages of simple structure. These features, together 
with what is known of the rest of the anatomy, suggest that the sub-class 
represents the most primitive selachians as yet known. 

Cladoselache fyleri (Fig. 142),^ from the Upper Devonian, is the best-known 
form, and Cladodus and Symmorium are related forms ranging from the Upper 
Devonian to the Upper Carboniferous. 

It is possible, although complete proof is still lacking, that the Pleurop- 
terygii represent part of the ancestral stock from which the other Chondrichthyes 
have radiated. Excluding the somewhat specialised Ichthyotomi mentioned 
below, there seems, broadly speaking, to have been two main radiations. 
One of these, composed of the Bradyodonti and Edestidse, eventually gave 

‘ Harris, J. E. ('* Scientific Publications of the Cleveland Museum," VIII, no. i, 1938), shows 
the presence oi a dorsal spine. 
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rise to the Holocephali, while the other produced the Ctenacanthidae and 
Hybodontidae which are on the line of the modern sharks and rays. 

The Bradyodont sharks are for the most part known only by their dentition. 
They are characterised by having only a small number of teeth in use at a 
time, and also by the small number of series of teeth in succession. They are 
composed of tubular dentine similar to that of the teeth of the Holocephali. 
There are four families : the Cochliodontidae, Petalodontidse, Psammodontidse, 
and Copodontidae, which differ from one another in the shape and arrangement 
of the teeth. The number of described genera and species of Bradyodonts, 
which range from the Upper Devonian to the Permian, shows that this group 
was an important one during palaeozoic times. 

The Edestidae, lower Carboniferous and Permian fishes, are specialised 
forms, in which the teeth on the symphysis of the jaws were enlarged and fused 
into a coil which either fell away at intervals or persisted throughout life as an 
" ammonite "-like spiral. 



The Ctenacanthidae (Fig. 143), which are found from the Upper Devonian 
to the Permian, were advainced from the Pleuropterygii in the greater develop- 
ment of the spines to the dorsal fins, in the paired fins being a little, but not 
much, advanced beyond the condition found in Cladoselache. The Hybodonts 
likewise had spines to the dorsal fins and several series of teeth in function 
at once. 

Sub-Class Ichthyotomi (Pleuracanthodii). 

These are extinct Chondrichthyes in which the pectoral fin has acquired the 
form of an “ archipterygium," an elongated axis, that is to say, extending out 
from the body and bearing pre- and post-axial rays. The post-axial rays are 
fewer in number than the pre-axial, which may be a primitive feature. The 
only satisfactorily known species is Pleuracanthus decheni (Fig. 144), which 
occurs from the Carboniferous to the Permian. It is clearly in many respects a 
specialised form. The long body, with its slender diphycercal tail, a continuous 
fin fold along the back, the anal fin with its unusual fore and aft duplication and 
direct suspension from the haemal arches, and the long, movable spine on the 
head, all point to a considerable degree of specialisation. Scales have not been 
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observed, and are thought to have been absent. The presence of claspers in 
the male is a typically chondrichthyan feature. Like other Chondrichthyes, 
the Ichthyotomi are presumed to have branched off from the early Pleurop- 


terygian stock, but to have given rise to no 
successors. 

Sub-Class Euselachii. 

The living and extinct orders of this sub-class, 
which occur from the Mesozoic periods onward, 
are distinguished, in addition to the general 
characters of the class, by having numerous 
teeth developed in continual succession, and by 
the pectoral fins having three basal pieces (the 
pro-, meso-, and meta-pterygium), from which a 
number of pre-axial radials spread out.^ 

The sub-class is divided into two orders, the 
Pleurotremata (sharks) and the Hypotremata 
(rays), chiefly on the position of the giU-slits 
which are lateral in the first group and ventral 
in the second. That the division is a fairly 
natural one is upheld by the following additiopal 
differences. In the Pleurotremata the anterior 
margin of the pectoral fin is free from the body, 
the pectoral radials are simple and of few 
segments, and, as a rule, only the anterior ones 
reach the free edge of the fin ; the two halves 
of the pectoral arch are well separated above. 
In the H3^otremata, on the other hand, the 
pectoral fin is joined to the side of the body 
or to the head, the pectoral radials are numerous, 
multi-segmented, bifurcated at the ends, and all of 
them reach the free edge of the fin. The halves 
of the pectoral girdle either fuse with one 
another or else both fuse to the vertebral column. 
There is a further difference, in that the skull 
of the Pleurotremata is without cartilages 
attached to the olfactory capsules, and the 
pterygo-quadrate has a process articulating 
with, or attached by ligament to, the cranium. 



In the skull of the H3rpotremata there are paired preorbital cartilages 


attached to the olfactory capsules, which are often very well developed, and 


^ In the Hybodonts and in early stages of some Euselachii there are traces of reduced postaxial 
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the pterygo-quadrate has no articulating process to the skull. Finally, in 
the Pleurotremata the hyomandibular and ceratohyal both bear cartilaginohs 
rays, and both take part in supporting the first gill. The ceratohyal is a single 
cartilage, and is attached to the lower end of the hyomandibular. In the 
Hypotremata the hyomandibular lacks rays, and so takes no part in the support 
of the gill, and the ceratohyal is segmented and attached to the hyomandi- 
bular either high up or not at all. 



Fig. 145. — CUamydoselachufl auguinetis. (From the Cambridge Natural History ^ after 

Giinther.) 

The Pleurotremata can be divided into three sub-orders chiefly on the 
number of dorsal fins, on the presence or absence of spines on these fins and on 
the presence or absence of an anal fin. These sub-orders are the Notidanoidea, 
Galeoidea, and Squaloidea. 

The Notidanoidea include the most primitive of living sharks — i. e., 
Chlamydoselachus {Notidanus) (Fig. 145) — the Frilled shark; Heptranchias 
and Hexanchus, and are characterised by the simple vertebral column with its 



Fig. 146. — 'PorbM^eJhark.l^omitif comubica). (From Dean’s Fishes.) 


unconstricted notochord, the sub-terminal mouth, sii^[le spineless dorsal fin, 
and the presence of more than five gill-slits. 

In the Galeoidea there are two dorsal fins without spines, an anal fin, and 
five gill-slits. The four families are the Odontaspidse — i.e., Odontaspis (the 
" Sand shark ”) and Scapanorhynchus {Mitsukurina), (the " Goblin shark ”)• 
The Lamnidse with numerous genera such as Lamm (the " Mackerel sharks ”). 
Carcharodon (" Man eaters '*), Cetorhinus (“ Basking shark ”), Isurus (Lantn^) 
“ Porbeagle ”) (Fig. 146), and Alopias (the “ Thresher ”) ; the Orwtdiobidie 
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(the “ Car pet *' and '* Tig er ” shark s), Oreclolobus and Stegostoma ; the Scylior- 
hinidae ; Scyliorhinus (the " Dogfishes ”), and lastly the Carcharinidae, with 
Carcharinus (the " Blue ” sharks), Galeus (" Topes ”), Mustelus (the " Nurse 
hounds ”) and Sphyrna (the “ Hammerheads ”). 

The Squaloidea have two dorsal fins, each with an anterior spine, and an 
anal fin which may at times be absent. In this order are placed the Hetero- 
dontidae (the " Port Jackson sharks ”), Squatinidae, Squatina (the “ Angel 
or Monk fish ”), the Squalidae, Squalus (the “ Spiny dogfishes ”), the Pristio- 
phoridae (the “ Saw sharks ”) and others. 

The Hypotremata are divided into two orders : the Narcobatoidea or 
" Electric rays,” and the Batoidea, which include all other skates and rays 
such as the Rhinobatidae (the ‘‘ Guitar fishes ”), the Pristidse (the “ Sawfishes ”), 
Myliobatidae (” Eagle rays ”), Raiidae (true “ Skates and Rays ”), etc. 



Fig. 147.— Dogfish (Braohselnnu modestns). Lateral view. (After Waite.) 


Example of the Sub-Class : A Dogfish (Scyliorhinus 
canicula or Brachcelurus modestus). 

General External Features. — The general shape of the body (Fig. 147) may 
be roughly described as fusiform ; at the ainterior or head-end it is broader and 
depressed ; posteriorly it tapers graduadly and is compressed from side to side. 
The head terminates anteriorly in a short, blunt snout. The tadl is narrow and 
bent upwards towards the extremity. The colour is grey with brown markings, 
or dark brown above, lighter underneath. The entire surface is covered closely 
with very minute hard placoid scales or dermal teeth, rather larger on the upper 
surface than bn the lower. These are pointed, with the points directed some- 
what backwards, so that the surface appears rougher when the hand is passed 
over it forwards than when it is passed in the opposite direction. When 
examined closely each scale is found to be a minute spine situated on a broader 
base. The spine consists of dentine covered with a layer of enamel ; the base 
is composed of bone-like substance, and the whole scale has thus the same 
essential structure as a tooth. Along each side of the head and body runs a 
faint depressed longitudinal line or slight narrow groove — ^the lateral line, 
marking the position of the lateral line canal, which contains integumentary 
sense-organs. 

VOL. n. N 
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As in Fishes in general, two sets of fins are to be recognised — the unpaired 
ox. median fins, and the paired or lateral. These are all flap-like outgrowths, 
running vertically and longitudinally in the case of the median fins, nearly 
horizontally in the case of the lateral : they are flexible, but stilfish, par- 
ticularly towards the base, owing to the presence of a supporting framework of 
cartilage. Of the median fins two — the dorsal — are situated, as the name 
indicates, on the dorsal surface : they are of triangular shape ; the anterior, 
which is the larger, is situated at about the middle of the length of the body, 
the other a little further back. The caudal jin fringes the tail : it consists of a 
narrower dorsal portion and a broader ventral, continuous with one another 
round the extremity of the tail, the latter divided by a notch into a larger, 
anterior, and a smaller, posterior lobe. The tail is heterocercal, i.e. the posterior 
extremity of the spinal column is bent upwards and lies in the dorsal portion 
of the caudal fin. The ventral or so-called anal fin is situated on the ventral 
surface, in Scyliorhinus, opposite the interval between the anterior and posterior 
dorsals, in H emiscy Ilium hehind the latter ; it resembles the latter in size and 
shape. 

Of the lateral jins there are two pairs, the pectoral and the pelvic. The 
pectoral are situated at the sides of the body, just behind the head. The 
pelvic, which are the smaller, are placed on the ventral surface, close together, 
about the middle of the body. In the males the bases of the pelvic fins are 
united together in the middle line, and each has connected with it a clasper or 
copulatory organ. The latter is a stiff rod, on the inner and dorsal aspect of 
which is a groove leading forwards into a pouch-like depression in the base of 
the fin. 

The mouth — a transverse, somewhat crescentic opening — is situated on the 
ventral surface of the head, near its anterior end. In front and behind it is 
bounded by the upper and lower jaws, each bearing several rows of teeth with 
sharp points directed backwards. The nostrils are situated one in front of 
each angle of the mouth, with which each is connected by a wide groove — ^the 
nasobuccal grove. In Brachtelurus the outer edge of the groove is prolonged into 
a narrow subcylindrical appendage — ^the barbel. A small rounded aperture, 
the spiracle — ^placed just behind the eye — Pleads into the large pharynx. Five 
pairs of slits running vertically on each side of the neck — ^the branchial slits — 
also lead internally into the pharynx. A large median opening on the ventral 
surface at the root of the tail, between the pelvic fins, is the opening leading 
into the cloaca, or chamber forming the common outlet for the intestine and 
the renal and reproductive organs. A pair of small depressions, the abdominal 
pores, situated behind the cloacal opening, lead into narrow passages opening 
into the abdominal cavity. 

The skeleton is composed entirely of cartilage, with, in certain places, 
depositions of calcareous salts. As in vertebrates in general, we distinguish 
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two sets of elements in the skeleton — the axial set and the appendicular, the 
former comprising the skull and spinal column, the latter the limbs and their 
arches. 

The spinal column is distinguishable into two regions — the region of the 
trunk and the region of the tail. In the trunk-region each vertebra (Fig. 148, 
A and B) consists of a centrum (c), neural arch («.«.), and transverse processes 
{tr.pr). In the caudal region there are no transverse processes, but inferior or 
hesmal arches (C, D, h.a.) take their place. The centra of all the vertebr® are 
deeply biconcave or amphiccelous, having deep conical concavities on their 
anterior and posterior surfaces. Through the series of centra runs the noto- 



Fig. 148. — Portions of the vertebral column of Sk^yliorhinuB A and B, from the 

trunk ; C and Z), from the middle of the tail ; A and C, two vertebrae in longitudinal section ; 
B and D, single vertebrae viewed from one end. h, calcified portion of centrum ; c. centrum ; 
jor. foramen for dorsal, and /or', for ventral root of spinal nerve ; h. a. haemal arch (basi-ventral) ; 
h. c. haemal canal ; h. sp, haemal spine ; i,n. p, intercalary piece (interdorsal, or interneural plate) ; 
n. a. neural arch ; n. c. neural canal ; w. p. neural plate (basi-dorsal) ; n. sp. neural spine ; ntc. 
intervertebral substance (remains of notochord) ; r, proximal portion of rib ; ir, pr. transverse 
process (basal stump). (From Parker's Practical Zoology.) 

chord {ntc.), greatly constricted in the centrum itself, and dilated in the large 
spaces formed by the apposition of the amphiccelous centra of adjoining 
vertebrae, where it forms a pulpy mass. The concave anterior and posterior 
surfaces of the centra are covered by a dense calcified layer, and in Brachalurus 
eight radiating lamellae of calcified tissue run longitudinally through the sub- 
stance of the centrum itself. The centra, unlike those of the higher forms, are 
developed as chondrifications of the sheath of the notochord into which cells of 
the skeletogenous layer have migrated (p. 68). On the dorsal side of the row of 
centra the spinal column is represented by the series of neural arches which 
support the walls of the spinal canal. Owing to the presence of a series of 
intercalary cartilages the neural arches appear to be twice as munerous as the 
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centra. Each neural arch consists on each side of a process, the neural process, 
giyen off from the centrum, and of a small cartilage, the neural plate {bast- 
dorsal), which becomes completely fused with the neural process in the adult. 
Between successive neural plates, the width of each of which is only about half 
the length of the centrum, is interposed a series of plates of very similar shape, 
the interdorsal or interneural plates. Small median cartilages, the neural 
spines, fit in between both neural and interneural plates of opposite sides and 
form keystones completing the arches. 

The transverse processes are very short : connected with each of them is a 
rudimentary cartilaginous rib (r.) about half an inch in length. 



Fig. 149. — BfachfiBlurus, lateral view of skull with visceral arches and anterior part of spinal 
column : the branchial rays are not represented. The skull and hyoid arch are somewhat drawn 
downwards, so that the hyoid and first branchial arch are not exactly in their natural relations ; 
cer,hy, ceratohyal ; ep. hr. i, ep. hr. 5, first and fifth epibranchials ; gl. aperture for glossopharyn* 
geal neive; h. hy. basihyal; hy.ntn. hyomandibular ; interc. intercalary (interdorsal) plates; 
mck. Meckel's cartilage ; neur. neural processes ; olf, olfactory capsule ; oc. foramen for oculo- 
motor ; oph. J, foramen for ophthalmic division of facial nerve ; opk. 2, foramen for ophthalmic 
division of trigeminal ; opt. optic foramen ; pal.q. palatoquadrate ; path, foramen for 4th nerve ; 
pk.br, I and ph.br. 5, first and fifth pharyngobranchial ; sp. neural spines ; tr. transverse processes 
and ribs ; tri. foramen for trigeminal nerve. 


The cranium (Fig. 149) is a cartilaginous case, the wall of which is con- 
tinuous throughout, and not composed, like the skulls of higher vertebrates, of a 
number of distinct bony elements fitting in together. At the anterior end is a 
rostrum, consisting in Scyliorhinus'oi three cartilaginous rods converging as they 
extend forwards and lateral ones meeting anteriorly. At the sides of the base 
of this are the olfactory capsules {olf.) — thin rounded cartilaginous sacs opening 
widely below, the cavities of the two capsules being separated from one another 
by a thin septum. The part of the roof of the cranial cavity behind and between 
the olfactory capsules is formed not of cartilage, but of a tough fibrous mem- 
brane, and the space thus filled in is termed the anterior fontmeUe : in contact 
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with the lower surface of the membrane is the pineal body, to be afterwards 
mentioned in the account of the brain. Each side-wall of this part of the 
skull presents a deep concavity — the orbit — over which is a ridge-like pro- 
minence, the supra-orhital crest, terminating anteriorly and posteriorly in 
obscure processes termed respectively the pre-orbital and post-orbital processes. 
Below the orbit is a longitudinal infra-orbital ridge. 

Behind the orbit is the auditory region of the skull — a mass of cartilage in 
which the parts of the membranous labyrinth of the internal ear are embedded. 
On the upper surface of this posterior portion of the skull are two small 
apertures situated in a mesial depression. These are the openings of the 
aqueductus vestibuli {endolymphatic ducts), leading into the vestibule of the 
membranous labyrinth. Behind this again is the occipital region, forming the 
posterior boundary of the cranial cavity, and having in the middle a large 
rounded aperture — the foramen magnum — through which the spinal cord, 
contained in the neural canal and protected by the neural arches of the vertebrae, 
becomes continuous with the brain, lodged in the cranial cavity. Below this, 
on either side is an articular surface — ^the occipital condyle — for articulation 
with the spinal column, and between the two condyles is a concavity, like that 
of the vertebral centra, containing notochordal tissue. 

A number of smaller apertures, or foramina, chiefly for the passage of nerves, 
perforate the wall of the skull. Behind and to the outer side of the anterior 
fontanelle are apertures {oph, 2, i) through which the ophthalmic branches of 
the fifth and seventh nerves leave the skull. Piercing the inner wall of the 
orbit are foramina through which the optic or second pair of cerebral nerves 
{opt), the oculomotor {oc,), or third, the pathetic, or fourth {path,), the trige- 
minal, or fifth {tri,), the abducent, or sixth, and the facial, or seventh, gain an 
exit from the interior of the cranial cavity. Just behind the auditory region is 
the foramen for the glossopharyngeal {gt), and in the posterior wall of the skull, 
near the foramen magnum, is the foramen for the vagus. 

In close connection with the cranium are a number of cartilages composing 
the visceral arches (Figs. 149 and 150). These are incomplete hoops of cartilage, 
mostly segmented, which lie in the sides and floor of the mouth-cavity or 
pharynx. The first of these forms the upper and lower jaws. The upper jaw, 
or palatoquadrate {pal. q.), consists of two stout rods of cartilage firmly bound 
together in the middle line and bearing the upper series of teeth. The lower 
jaw, or Meckel's cartilage {mok.), likewise consists of two stout tooth-bearing 
cartilaginous rods firmly united together in the middle line, the union being 
termed the symphysis. At their outer ends the upper and lower jaws articulate 
with one another by a movable joint. In front the upper jaw is connected by a 
ligament with th^ base of the skull. 

Immediately behind the lowgir jaw is the hyoid arch. This consists of two 
cartilages on each side, and a mesial one below. The uppermost cartilage is 
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the hyomandibtdar (hy. mn.) this articulates by its proximal end with a 
distinct articular facet on the auditory region of the skull ; distally it is connected 
by ligamentous fibres with the outer ends of the palatoquadrate and Meckel’s 
cartilage. The lower lateral cartilage is the ceratohyal {per. hy.). Both the 
hyomandibular and ceratohyal bear a number of slender cartilaginous rods — 
the branchial rays of the hyoid arch. The mesial element, or basihyal {b.ky.), 
lies in the floor of the pharynx. Behind the hyoid arch follow the branchial 
arches, which are live in number. Each branchial arch, with exceptions to 



Fig. 150. — BracbflBlnnig, ventral view of the visceral arches. Letters as in preceding figure. 
In addition — hJbr, basibranchial plate ; cer.br, ceratobranchials ; hyp,hr. hypobranchials. 


be presently noted, consists of four cartilages. The uppermost of these — 
pharyngobranchial {ph. br. x-ph. br. 5) — lie in the dorsal wall of the pharynx, 
not far from the spinal column ; the phar3mgobranchials of the last two arches are 
fused together. The next in order — ^the epibranchials {ep. hr.) — ^with the excep- 
tion of those of the last arch, bear a number of slender cartilaginous rods — the 
branchial rays — ^which support the walls of the gill-sacs ; and the next- — ^the 
ceratobranchials {cer. br.) — are, with the same exception, similarly {MX}vided. 
The hypobranchials {hyp. br.), which succeed these, are^absent in the case of the 
first and fifth arohes. In the middle line on the floor of the pharyngeal cavity 
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is a mesial cartilage — ^the basibranchial (Fig. 150, b, br.) — ^which is connected 
with the ventral ends of the third, fourth, and fifth arches. A series of slender 
curved rods — the extrabranchials — ^lie superficial to the branchial arches, along 
the borders of the corresponding external branchial clefts. 

^ Two pairs of delicate labial cartilages are present at the sides of the mouth, 
and a couple at the margins of the openings of the olfactory capsules. 

The skeleton of all the fins — ^paired cind unpaired — ^presents a considerable 
degree of uniformity. The main part of the expanse of the fin is supported by a 
series of flattened semented rods, the pterygiophores or cartilaginous fin-rays, 
which lie in close apposition : in 
the case of the dorsal fins these 
may be partly calcified. At the 
outer ends of these are one or 
more rows of polygonal plates of 
cartilage. On each side of the 
rays and polygonal cartilages are 
a number of slender “ homy ” 
rays or cemtotrichia of dermal 
origin.^ In the smaller median 
fins there may be an elongated 
rod of cartilage constituting the 
skeleton, or cartilage may be 
entirely absent. In the pectoral 
fin (Fig. 151) the fin-rays are 
supported on three basal carti- 
lages articulating with the pectoral 
arch. The latter {p>ect.) is a strong 
hoop of cartilage incomplete 
dorsally, situated immediately 
behind the last of the branchM 
arched. It consists of a dorsal, or 
scapular, and a ventral, or coracoid portion, the coracoid portions of opposite 
sides being completely continuous across the middle line, while the scapular 
are separated by a wide gap in which the spinal column lies. Between the two 
portions are the three articular surfaces for the three basal cartilages. The 
coracoid portions are produced forwards in the middle line into a flattened 
process supporting the floor of the pericardial cavity in which the heart is 
lodged. The three basal cartilages of the fin are named, respectively, the 
anterior, propterygium {pro.), the middle, mesopterygium {meso.), and the 
posterior, metapterygium {meta.). Of these the first is the smallest and the last 

^ Thought oa account of their appearance and hom-like consistency* these structures aw 
commonly referred to as homy, they do not consist of true horn (which is always epidermal in 
origin), but of a substance called elastin, characteristic of elastic connective-tissue fibres. 

VOt. n, N 2** 



Fig. 15X.— Brachselums, pectoral arch and fin. 
d, r. dermal homy rays ; meso. mesoterygium ; meta. 
metapterygium ; pect, pectoral arch ; pro. proptery- 
gium. 
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the largest : the first bears only one large ray ; the other two bear twelve or 
more rays, differently arranged in the two genera. 

The pelvic fin (Fig. 152) has only a single basal cartilage [meta) articulating 
with the pelvic arch, with which also one- or two of the fin-rays articulate 
directly. The pelvic arch {pelv.) is a nearly straight bar of cartilage whi(jji 
runs transversely across the ventral surface of the body, just in front of the 
cloacal opening. 

Alimentary Canal (Fig. 153). — ^The mouth leads into a very wide cavity, 
the pharynx, into which open at the sides the internal apertures of the branchial 
clefts and of the spiracle. From this runs backwards a short wide tube — the 
oesophagus (oes.) — ^which passes behind into the stomach. The stomach is a 

U-shaped organ, with a long left limb con- 
tinuous with the oesophagus, and a short 
right one passing into the intestine. At the 
pylorus ipyl.) — the point where the stomach 
passes into the intestine — ^is a slight con- 
striction, followed by a thickening. The 
intestine consists of two parts — small intestine 
or duodenum and large intestine. The- former 
is very short, only an inch or two in length. 
The latter is longer and very wide; it is 
divisible into two portions — the colon [col.) in 
front and the rectum [rect.) behind. The 
former is very wide and is characterised by 
the presence in its interior of a spiral valve, 
meta^ a fold of the mucous membrane which runs 
pterygium; pelvic arch. spirally round its interior, and both retards 

the too rapid passage of the food and affords 
a more extensive surface for absorption. The rectum differs from the colon 
in being narrower and in the absence of the spiral valve ; it opens behind into 
the cloaca. 

There is a large liver {Uv.) consisting of two elongated lobes. A rounded sac 
— ^the gall-bladder {g. bl.) — ^lies embedded in the left lobe at its anterior end. 
The duct of the liver — the bile-duct {b.dct.) — runs from the liver to the intestine. 
Proximally it is connected with the gall-bladder, and by branch-ducts with the 
right and left lobes of the liver. It opens near the commencement of the 
colon. 

The pancreas (pancr.) is a light-coloured compressed gland consisting of 
two main lobes with a broad connecting isthmus, l3dng in the angle between ’ 
the right-hand limb of the stomach and the small intestine. Its duct enters 
the wall of the small intestine and runs in it for about half an inch, opening 
eventually at the point where the small intestine passes into the colon. 
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Connected with the rectum on its dorsal aspect is an oval gland — ^the 
rectal gland {reel, gl.) — ^about three-quarters of an inch in length. 

The spleen {spl.) is a dark-red or purple body attached to the convexity of 
the U-shaped stomach and sending a narrow lobe along the right-hand limb. 

The oif^ans of respiration in the Dog-fish are the gills, situated in the five 
gill-pouches. Each gill-pouch (Fig. 154) is an antero-posteriorly compressed 
cavity opening internally into the pharynx and externally by the corresponding 
gill-slit. The walls of the pouches are supported by the branchial and hyoid 
arches with their rays, the first pouch being situated between the hyoid and 
first branchial arches, the last between the fourth and fifth branchial arches. 
On the anterior and posterior walls of the pouches are the gills, each hemi- 
branch consisting of a series of close-set parallel folds or plaits of highly vascular 
mucous membrane. Separating adjoining gill-pouches, and supporting the 
gills, is a series of broad interbranchial septa, each con- 
taining the corresponding branchial arch with its connected 
branchial rays. The most anterior hemibranch is borne 
on the posterior surface of the hyoid arch. The last 
gill-pouch differs from the rest in having gill-plaits on 
its anterior wall only. On the anterior wall of the 
spiracle is a vestigial gill — the pseudobranch or spiracular 
gill — ^in the form of a few slight ridges. 

Blood-system. — ^The heart is situated in the pericardial 
cavity, on the ventral aspect of the body, in front of the 
pectoral arch, and between the two series of branchial 
pouches. The dorsal wall of the pericardial cavity is 
supported by the basibranchial cartilage. Placing it in 
communication with the abdominal cavity is a canal — the pericardio-peritonial 
canal. The heart (Fig. 155) consists of four chambers — sinus venosus (sin.), atrium 
(aur.), ventricle {vent.), and conus arteriosus {con.), through which the blood passes 
in the order given. The sinus venosus is a thin-walled, transverse, tubular 
chamber, into the ends of which the great veins open. It communicates with the 
atrium by an aperture, the sinu-atrial aperture. The atrium is a large, three- 
cornered, thin-walled chamber, situated in front of the sinus venosus and 
dorsal to the ventricle. Its apex is directed forwards, and its lateral angles 
project at the sides of the ventricle : it communicates with the ventricle by 
a slit-like aperture guarded by a two-lipped valve. The ventricle is a thick- 
walled, globular chamber, forming the most conspicuous part of the heart 
when looked at from the ventral surface. From it the conus arteriosus runs 
forwards as a median stout tube to the anterior end of the pericardial cavity, 
where it gives off the ventral aorta. It contains two transverse rows of valves, 
anterior and posterior, the former consisting of three, the latter of three or lour. 
The ventral aorta (Fig. 155) gives coigin to a series of paired afferent branchial 
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arteries {af. br.), one for each branchial pouch. In Scyliorhinus the two most 
posterior arise close together near the beginning of the ventral aorta, the third 
pair a little further forwards. The ventral aorta then runs forwards a little 
distance and bifurcates to form the two innominate arteries, right and left, 
each of which in turn bifurcates to form the first and second afferent vessels 
{af. br.^, af. br.*) of its side. In Brachalurus (Fig. 156 A, B) the arrangement 
is somewhat different. 

From the gills the blood passes by means of the efferent branchial arteries. 
These efferent vessels (Fig. 155, ef. br.) form a series of loops, one running 
around the margin of each of the first four internal branchial clefts : a single 
vessel runs along the anterior border of the fifth branchial cleft and opens into 


d.€lC 



Fig. 1 55. — The heart and branchial arteries of Scyliorhiniis, from the side. af. br.^ — aiferent 
branchial arteries ; au. atrium ; c.a. conus arteriosus ; cl. * — branchial clefts ; cor. coronary 
artery ; d. ao. dorsal aorta ; d, c. dorsal carotid artery ; ef. br.^ — ®, efferent branchial arteries ; 
ep. — *, epibranchial arteries ; mn. mandibular artery ; sp. spiracle ; s.cl. subclavian artery ; 
s. V. sinus venosus ; v. ventricle ; v. ao. ventral aorta ; v. c. ventral carotid artery. (From Parker's 
Practical Zoology^ 

the fourth loop. The four main efferent branchial vessels (epibranchials, 
ep. br.) run inwards and backwards from the loops under cover of the mucous 
membrane of the roof of the pharynx to unite in a large median trunk — ^the 
dorsal aorta {d. ao.). A dorsal carotid artery {d. c.) is given off from the first 
efferent branchial. A branch {hyoidean) given off from the same efferent 
vessel supplies the pseudobranch, and the blood from the latter is taken up by 
the ventral carotid (v. c.). Both carotids run forwards to supply the head. 

The dorsal aorta (Fig. 155, d. ao.) runs backwards throughout the length 
of the body-cavity, giving off nunieious branches, and is continued as the 
cavdal artery, which runs in the canal enclosed by the inferior arches of the 
caudal vertebrae. The first paiir of branches are the subclavians {s. cl.), for the 
supply of the pectoral fins ; these are given off between the third and fourth 
pairs of epibtanchiad ai:teries. The next large branch is the unpaired cceliac 
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Fig. 156. — ^Bradudlnms diagrams of 
circulatory system. A. ventral. B, 
lateral view. a,ca, anterior cardinal 
sinus ; a.c,e. external carotid artery ; a./, 
hyoidean afferent branchial artery ; a./. 

fourth afferent branchial artery ; a.A.s. 
superficial hyoid artery ; a.w.vt ventral 
mandibular artery ; u,s. stapedial artery ; 
a.U anterior thyreoid artery; Air. 
atrium ; 6.a. brachial artery ; b.v, brachial 
vein ; c,a, conus arteriosus ; cd,a, caudal 
artery ; caudal vein ; c/. fifth gill slit ; 
cl,v, cloacal vein ; coe^a. coeliac artery ; d.a, dorsal aorta ; d,a, paired dorsal aorta ; e,a. anasto- 
mosis between efferent collector loops ; e,c, efferent collector loop ; ep, x-f, first and fourth epi- 
branchial arteries ; e.s, spiracular epibranchial artery ; fem.v. femoral vein ; f.v. anterior facial 
vein ; g.a, gastric artery ; h.a. hepatic artery ; h,e. hyoidean epibranchial artery ; h.p» b^atic 
portal vein ; h,s. hepatic sinus ; hy,s, hyoidean sinus ; ix, intc^al carotid artery ; ixx, intra- 
cranial branch of the spiracular epibrancnial artery ; i,j. inferior jugular sinus ; il,a. iliac artery ; 
tn.a. innominate artery ; i,p. intestino-py^loric art^ ; f.a. lateral artery ; La,v, lateral abdominal 
vein ; Lex, superior lateral cutaneous vein ; li.a, lienogastric arteiy ; in,anL, anterior mesenteric 
artery ; fn,po$L posterior mesenteric arte^ ; o,m. great ojffithalnuc artery ; or.s, orbital sinus ; 
p,c, posterior cardinal sinus ; p,ce, posterior cerebral vein ; p,s, afferent spiracular artery ; 
renal portal vein; recta, rectsil artery; s,a. subclavian artery; s,c, subclavian vein; s.m. sub- 
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(Fig. 153, coeL) : this runs in the mesentery and divides into branches for the 
supply of the stomach and liver, the first part of the intestine, and the pancreas. 
The anterior mesenteric artery, also median, supplies the rest of the intestine 
and gives off branches to the reproductive organs. The lienogastric supplies 
part of the stomach, the spleen, and part of the pancreas. The posterior 
mesenteric is a small vessel mainly supplying the rectal gland. Small renal 
arteries carry a small quantity of arterial blood to the kidneys, and a pair 
of iliac arteries, likewise of small size, pass to the pelvic fins. In addition to 
these a number of small arteries, the parietal, supplying the wall of the body, 
are given off throughout the length of the aorta. 

The veins are very thin-walled, and the larger trunks are remarkable foi 
their dilated character, from which they have obtained the name of sinuses, 
though they are true vessels and not sinuses in the sense in which the word 
is used in dealing with the Invertebrates. 

The venous blood is brought back from the head by a pair of jugular or 
anterior cardinal sinues (Fig. 156, a, ca.), and from the trunk by a pair of 
posterior cardinal sinuses (/>. c.). At the level of the sinus venosus the 
anterior and posterior cardinals of each side unite to form a short, nearly 
transverse sinus, iheprecaval, sinus or ductus Cuvieri, which is continued into the 
lateral extremity of the sinus venosus. Into the precaval sinus, about its 
middle, opens an inferior jugular sinus (v, j.) which brings back the blood 
from the floor of the mouth and about the branchial region of the ventral 
surface. The two posterior cardinal sinuses extend backwards throughout 
the length of the body-cavity ; in front they are enormously dilated, behind 
they lie between the kidneys. Anteriorly each receives the corresponding 
subclavian vein bringing the blood from the pectoral fin and adjacent parts of 
the body-wall. The lateral vein {la. v.), instead of joining with the subclavian, 
opens separately into the precaval. The genital sinus discharges into the 
posterior cardinal sinus. 

There are two portal systems of veins, the renal {r. p.) and the hepatic 
portal {h, p.), by which the kidneys and liver, respectively, are supplied with 
venous blood. The caudal vein, which brings back the blood from the tail, 
running, along with the caudal artery through the inferior arches of the 
vertebrae, divides on entering the abdominal cavity into right and left renal 
portal veins, which end in a number of afferent renal veins supplying the 
kidneys. 

The hepatic portal vein {h. p.) is formed by the confluence of veins 
derived from the intestine, stomach, pancreas, and spleen, and runs forwards 
to enter the liver a little to the right of the middle line. In Brachalurus a 
large branch connects the genital sinus with the intestinal tributaries of the 
hepatic portal system : the blood from the liver enters the sinus venosus by 
two hepatic sinuses placed close together. 
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Nervous System. — ^The fore-brain consists of a rounded smooth, prosencephalon 
(Fig. 157, V.H) divided into two lateral parts by a very shallow median 
longitudinal groove. From its antero-lateral region each half gives off a thick 



Fig. 157. — Brain of Scyliorhiniis canionla. A, dorsal view ; B, ventral view ; C, lateral view. 
F. rho. fossa rhomboidalis (fourth ventricle) ; Gp, epiphysis ; HH, cerebellum ; HS, H, hypo- 
physis ; JL. oL olfactory bulb ; MH, mid-brain ; NH, medulla oblongata ; Sv, saccus vasculosus ; 
Tro, olfactory peduncle ; UL, lobi inferiores ; VH, prosencephalon ; ZH, diencephalon ; II, optic 
nerves; ///, oculomotor; JF, pathetic; F. trigeminal; F/, abducent; vfl, fs^ciki; VIII, 
auditory ; IX, glossopharyngeal; X, vagus. (From Wiedersheim's Comp, Anatomy,) 


cord, which dilates into a large mass of nerve-matter, the olfactory bulb {L. <A.), 
closely applied to the posterior surface of the corresponding olfactory capsule.' 
The <hencephalon [ZH) is comparatively small ; its roof is very thin, w hite the 
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lateral walls are composed of two thickish masses — the optic thalami. Attached 
to the roof is a slender tube, the epiphysis cerebri or pineal organ {Gp.), which 
runs forwards and terminates in a slightly dilated extremity fixed to the 
membranous part of the roof of the skull. Projecting downwards from its 
floor are two rounded bodies, the lobi inferiores {UL), which are dilated portions 
of the infundibulum. Behind these give off a thin- 
walled vascular out-growth — the saccus vasculosus 
(Sv.). Attached to the infundibulu m and ex- 
tending backwards from it is a thin-walled sac — 
the pituitary body or hypophysis cerebri {HS), having 
on its ventral surface a median tubular body 
attached at its posterior end to the floor of the 
skull. In front of the infundibulum, and also on 
the lower surface of the diencephalon, is the optic 
chiasma, formed by the decussation of the fibres of 
the two optic nerves. The mid-brain {MH) consists 
of a pair of oval optic lobes dorsally, and ventrally 
of a band of longitudinal nerve-fibres correspond- 
ing to the crura cerebri of the higher vertebrate 
brain. The cerebellum {HH) is elongated in the 
antero-posterior direction, its anterior portion Fig. 158.;— Hemiscylliam. 
overlapping the optic lobes, and its posterior the loreai’Tide, ^rrooffS the 

medulla oblongata. Its surface is marked with a various ventricles removed so 
e j n -LI X /ATrr\ as to show the relations of the 

few fine grooves. The medulla oblongata {NH), cavities (semi-diagrammatic). 

broad in front, narrows posteriorly to pass into dilatation from vjich the 

the spinal cord. Ihe fourth ventncle or fossa diacoeie, pointing to the open- 

rhomboidalis {F. rho.) is a shallow space on the Uer 

dorsal aspect of the naedulla oblongata covered metacoele ; o/><. optocoele ; 

, , , xi. 7 para, paracoele; pros, proso- 

over only by a thin vascular membrane, the chorotd coele ; rh. rhinocoeie. 

plexis : it is wide in front and gradually narrows 

posteriorly. At the sides of the anterior part of the fourth ventricle are a 
pair of folded ear-shaped lobes, the corpora restiformia. 

The fourth ventricle or metacwle (Fig. 158, meta.) is continuous behind with 
the central canal of the spinal cord. It gives off an epicoele above, and in front 
is continuous with a narrow passage, the iter or mesocceU {iter.) which opens 
anteriorly into a wider space, the diacoeie or third ventricle (dia.), occupying the 
interior of the diencephalon. From this opens in front a median prosoccele, 
which gives off a pair of {para.) extending into the two lateral portions 

of the prosencephalon. 

From the anterior enlargements of the olfactory bulbs already mentioned 
spring numerous fibres which constitute the first pair of cerebral nerves and 
enter the olfactory capsules. Between the two olfactory lobes two small 
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nerves, the terminal or pre-olfactory, arise from the prosencephalon : they are 
the nerves of ordinary sensation for the interior of the olfactory sacs. From the 
optic chiasma the two nerves (Figs. 151, 159, 160, II) run outwards through 
the optic foramina into the orbits, each perforating the sclerotic of the corres- 
ponding eye and terminating in the retina. The third, fourth, and sixth pairs 
of nerves have the general origin and distribution which have already been 
described as universal in the Craniata (p. 103). 

The trigeminal (Figs. 157, 160, 162, V) arises in close relation to the facial. 



sp.ca 


Fig. 159. — l^liorhiniis stellaris. Dissection of the brain and spinal nerves from the dorsal 
surface. The right eye has been removed. The cut surfaces of the cartilaginous skull and spinal 
column are dotted. The buccal branch of the facial is not represented. cl,x — c/.5. branchial 
clefts : ep, epiphysis ; ex, red, posterior rectus muscle of the eye-ball ; gl.ph, glossopha^ngeal ; 
hot, horizontal semicircular canal ; hy.mnd, VII, hyomandibular portion of the facial ; inf. 
ohl, inferior oblique muscle ; ini, red, anterior rectus muscle ; lat, vag. lateral branch of vagus ; 
mx, V, maxillary division of the trigeminal ; olf, cps, olfactory capsule ; olf. $, olfactory sac ; oph, 
V, VII, superficial ophthalmic branches of trigeminal and facial; path, fourth nerve; pi, VII. 
palatine branch of facial ; sp, co, spinal cord ; sp, and spir, spiracle ; s. red, superior rectus muscle ; 
s. olh, superior oblique ; vag, vagus ; vest, vestibule. (From Marshall and Hurst.) 

As it passes into the orbit it swells into a ganglion — ^the Gasserian. Its chief 
branches are three in number. The first given off is the superficial ophthalmic 
(Fig. 159, oph. V ; Fig. 160, V op.), which runs forwards through the orbit 
above the origin of the recti muscles, and in very close relation with the 
ophthalmic branch of the facial. Anteriorly it breaks up into branches dis- 
tributed to the integument of the dorsal surface of the snout.^ The main 

‘ In most Chondrichthyes a nerve of considerable size — ^the ophthalfnicus profimdMS (Fig. 78) 
arises from the dorsal and anterior part of the Gasserian ganglion, and is nsu^y regamed as a 
branch of the trigeminal. It runs forwards over the posterior rectus *muscle and under riie 
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trunk of the nerve then runs forwards and outwards across the floor of the orbit, 
and divides into two branches, the maxillary and mandibular, or second and 
third divisions of the trigeminal. The former {mx. V) supplies the skin of 
the ventral surface of the snout, the latter {mnd. V) the skin and muscles of the 
lower jaw. 

Of the branches of the facial, the ophthalmic runs through the orbit in close 
relation to the superficial ophthalmic branch of the trigeminal, and is distributed 
to the lateral line and ampullary canals of the snout region ; the buccal runs 
forwards in intimate relation with the maxillary division of the trigeminal, and 
breaks up into branches which are distributed to the sensory canals and 



Fig. 160. — Semi-diagramraatic figure of the cerebral nerves of ScyliorhillllS canicola dissected 
from the left side. The nerves supplying integumentary sense-organs are shown in black. 
au.c. auditory capsule ; cl, ^ branchial clefts ; m. mouth ; olf, c, olfactory capsule ; or, orbit ; 
sp. spiracle. I — X, cerebral nerves. Vop, ophthalmic, Vmx, maxillary, and Vmn, mandibular, 
divisions of the trigeminal ; VI lop, ophthalmic, VI Ip. palatine, Vllh, buccal, V lips, prespira- 
cular, Vlle.m. external mandibular, and Vllhy, hyomandibular branches of the facial; XL 
lateral, Xbr,"^ — branchial, and Xv, visceral branches of the vagus. (From Parker's Practical 
Zoology.) 


ampullae of the region of the snout ; palatine {pi. VII, VI Ip.) passes to the 
roof of the mouth ; the main body of the nerve — hyomandibular nerve {hy.mnd. 
VII, Vllhy.) — then runs outwards close to the edge of the hyomandibular 
cartilage and behind the spiracle, eventually becoming distributed to the 
muscles between the spiracle and the first branchial cleft ; a small external 
mandibular branch (VII e.m.) comes off from it and goes to the lateral line and 
ampullary canals of the lower jaw. 

The eighth or auditory nerve passes directly into the internal ear, and breaks 


superior rectus, and perforates the pre-orbital process to end in the integnment of the snout. 
Among other branches it gives off ciliary branches to the iris : these are joined by the ciliary 
branches of the oculomotor, Anophthalmicus profundus is not present in Scyliorhinus in the 
adult condition. 
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up into branches for the supply of its various parts. The glossopharyngeal 
{gl. ph., IX) perforates the posterior part of the auditory region of the skull, and, 
after it reaches the exterior, passes to the first branchial cleft, where it bifurcates, 
one branch going to the anterior, and the other to the posterior wall of the cleft. 
The last nerve of the series — ^the pneumogastric or vagus {vag., X ) — ^is a large 
nerve which emerges from the skull by an aperture situated between the 
auditory region and the foramen magnum. It first gives off a series of four 
branchial branches, each of which bifurcates to supply the anterior and posterior 
borders of the last four branchial clefts. The lateralis nerve (pit. vag., X.l.) 
is frequently referred to as a branch of the vagus since it runs in intimate 
connection with the trunk of that nerve for some distance, but it has a distinct 
origin in the medulla : after becoming separated from the vagus trunk it runs 
along beneath the peritoneum opposite the lateral line, which it supplies, to the 
posterior end of the body. The rest of the vagus runs backwards to divide 
into cardiac branches for the heart and gastric branches for the stomach. 

It will be observed that the system of neuromast organs (lateral line and 
ampuUary organs) is supplied by nerve-fibres which pass out in various branches 
of the facial and in the lateralis : all these fibres originate in a centre in the 
medulla, the acustico-lateral centre, common to them and the fibres of the 
auditory nerve 

The spinal cord is a cylindrical cord which extends from the foramen mag- 
num, where it is continuous with the hind-brain, backwards throughout the 
length of the neural canal, enclosed by the neural arches of the vertebrae. As in 
the Crainiata in general (see p. 96), it has dorsal and ventral longitudinal fissures 
and a narrow central canal, and gives origin to a large number of paired spinal' 
nerves, each arising from it by two roots. 

Ol|;ans of Special Sense. — ^The olfactory organs are rounded chambers 
enclosed by the caurtilage of the olfactory capsules of the skull, and opening 
on the exterior by the nostrils on the ventral surface of the head. The interior 
has its lining membrane raised up into a number of close-set ridges running out 
from a median septum. The fibres of the olfactory nerves terminate in cells 
of the epithelium covering the surface of these ridges. 

The ^e has the general structure already described as characterising the 
Craniata in general (p. 112). The sclerotic is cartilaginous, the choroid has a 
shining metallic internal layer or tapetum cellulosum, and the lens is spherical. 
There are the usual eye-muscles, the two obliques situated anteriorly, the four 
recti posteriorly, not embracing the optic nerve. The eyelids are represented 
by stiff folds. 

The ear consists only of the membranous labyrinth (Fig. 88), equivalent to 
the internal ear of higher Craniata, the middle and outer ear being absent. 
The membranous lab}ninth consists of the vestibule and three semicircular 
canals. The former, which is divided into two parts by a constrktion, com- 
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municates by a narrow passage — the endolymphatic duct or aqueducttts vestibuli — 
with the exterior, in the position already mentioned. Of the three semi- 
circular canals, the anterior and posterior are vertical and the external hori- 
zontal, as in Craniata in general. EUich has an ampulla, that of the anterior and 
external canals situated at their anterior ends, and that of the posterior canal, 
which is the largest of the three and forms an almost complete circle, at its 
posterior end. in the fluid {endolytnph) in the interior of the vestibule are 
suspended, in a mass of gelatinous connective-tissue, numerous minute calcareous 
particles or otoliths, giving it a milky character. 

The sensory canals of the integument running along the lateral line and over 
the head contain special nerve-endings {neuromasts), and doubtless function 
as organs of some special sense (see p. 109). The same probably holds good of a 
number of unbranched canals {ampullary canals) arranged in groups situated 
on the anterior portion of the trunk and on the head, and being particularly 
numerous in the neighbourhood of the snout. These are dilated internally 
into vesicles, the ampulUe, provided with special nerve-endings. 

Urinogenital Organs. — In the female there is a single ovary (Figs. 153, 161, 
ov.), an elongated soft, lobulated body, lying a little to the right of the middle 
line of the abdominal cavity, attached by a fold of peritoneum, the mesovarium. 
On its surface are rounded elevations or follicles of various sizes, each containing 
an ovum of a bright yellow colour. There are two oviducts (Mullerian ducts) 
entirely unconnected with the ovaries. Each oviduct (Figs. 153 and 161, ovd.) 
is a greatly elongated tube extending throughout the- entire length of the 
abdominal cavity. In front the two unite behind the pericardium to open into 
the abdominal cavity by a wide median aperture {ovcP^.). At about the point of 
junction of the middle and anterior thirds is a swelling marking the position 
of the shell-gland {sh. gl.). The posterior part dilates to form a wide uterine 
chamber, and in Scyliorhinus the two unite to open into the cloaca by a common 
aperture situated just behind the opening of the rectum, while in Brachcelurus 
they remain distinct and have separate cloacal openings. Each kidney 
consists of two parts, anterior and posterior. The former (Fig. 153, r. meson. 
Fig. 161, k^) is a long nc(.rrow rib^n of soft reddish substance, which runs 
along throughout a great part of the body-cavity at the side of the vertebral 
column, covered by the peritoneum. The posterior portion {r. metan, k) is a 
compact, lobulated, dark red body, lying at the side of the cloaca, continuous 
with the anterior portion ; like the latter, it is covered over by the peritoneum. 
Both portions have their ducts. Those of the anterior are narrow tubes, which 
run over its ventral surface and become dilated behind to form a pair of elongated 
chambers, the urinary sinuses (Fig. 162, ur. sin.), uniting behind into a median 
sinus {med. ur. sin.), opening into the cloaca by a median aperture situated on a 
papilla, the urinary papilla. The ducts of the posterior portion, which 
are usually from four to six in number, open into the urinary sinuses. 
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Fig. 161. — ^Xhe urinogenital organs of Scyltollinili caiiiciila from the ventral side. A, made 
and B, female. Only the anterior end of the gonad is re|>resented in each figure, and except ^at 
in B t^th kidneys are shown, the organs of the right side only are drawn. In A the seminal 
vesicle and ajperm-sac are dissected away from the kidneys and displaced outwards, and the ureters 
inwards. p. depression into which the abdominal pore opens ; cL cloaca ; els, clasper ; ef, d, 
efferent ducts of spermary ; k, kidney ; k\ anterior non-renal portion of the kidney, forming 
in the male the so-called “ Leydig*s gland,^’ which* together with the coiled spermiduct, constitutes 
the epidid3rmis; It, anterior portion of liver; m, d, vestigial Mullerian duct in the male; ess, 
gullet ; ov, ovary ; ovd, oviduct ; its coelomic aperture ; ovd", the common aperture of ^e 

oviducts into the doaca ; r. rectum ; sh, gl, shell-gland ; sfd, spermiduct ; sp, s, sperm-sac ; s, r. 
seminal vesicle ; s. v'. its aperture into the urinogenital sinus ; t$, spermary (testis) ; u,g, s. 
urinogenital sinus ; ur, posterior mesonephric ducts ; ttr'. their apertures into the urinogenital 
sinus ; s, urinary sinus. (From Parker’s PracHcal Zoology*) 
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In the male (Fig. 161, . 4 ) there are two elongated, soft, lobulated testes, 
each attached to the wall of the abdominal cavity by a fold of peritoneum — the 
mesorchium. From each testis anteriorly, a small number of efferent ducts 
{ef.d) pass to the anterior end of a long, narrow/ strap-shaped body, which 
corresponds to the vestigial anterior portion of the kidney in the female. This 
is the epididymis ; the duct, spermiduct or vas deferens, runs along the entire 
length of the non-renal part of the kidney, or " Leydig’s gland," and, where 
it leaves the latter posteriorly, becomes a wide tube, which opens into the 



Fig. i6a. — Brachsalunu. Right 
kidney and urinaiy sinus of female, 
med, ur. sinus, median urinary sinus ; 
neph, kidney ; ur, sinus, right urinary 
sinus. 



Fig. 163. — ^Dogfish, egg-case. 
(After Dean.) 


urinogenital sinus {u.g. s.), a median chamber projecting into the cloaca. 
Posteriorly the spermiduct dilates to form a wide thin-walled sac, the vesicula 
seminaUs. Closely applied to the latter is a thin-walled elongated sac, the 
sperm-sac. Anteriorly the sperm-sac narrows to a blind extremity ; posteriorly 
the right and left sperm-sacs combine to form the urinogenital sinus. The 
posterior part of the kidney has the same character as in the female ; its ducts, 
usually five in number on each side, upon into the urinogenital sinus, some of the 
most anterior first uniting to form a common tube. The sinus has a median 
aperture into the general cavity of the cloaca situated on the summit of a 
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prominent urinogenital papiUa. The oviducts (Mullerian ducts) of the female 
are represented in the male by vestiges of their anterior portions {m.d.). The 
entire kidney is sometimes regarded as a mesonephros, but the posterior portion, 
developed entirely behind the portion which, in the male, takes part in forming 
the epididymis, and having its own ducts, is sometimes looked upon as fore- 
shadowing the metanephros of the higher Vertebrates. 

The ripe ovum, rupturing the wall of its follicle, escapes into the abdominal 
cavity, whence it reaches the interior of one of the oviducts ; there it is fertilised 
by sperms received from the male in the act of copulation, and then becomes 

enclosed in a chitinoid case or shell (Fig. 
163) secreted by the shell-gland. 

General Organisation. 

External characters. — In general shape 
most Sharks (Fig. 146) are somewhat fusi- 
form and slightly compressed laterally. In 
the Rays (Fig. 164), on the other hand, 
there is great dorso-ventral compression. 
The head is in many cases produced for- 
wards into a long rostrum, which is of 
immense length and bordered with triangu- 
lar teeth in the Saw Shark {Pristiophorus) 
and Saw-fish {Pristis). In the Hammerhead 
Shark (Sphyrna or Zygcena) the anterior 
part of the head is elongated transversely. 

There are well-developed median and 
paired fins. The caudal fin is large, and, 
a rule, strongly heterocercal in the 
Sharks and shark-like Rays, reduced in 
most of the latter group. The dorsal and anal fins are large in the Sharks, 
the former completely divided into two : in the Rays the dorsal fin is usually 
small, and the anal absent. The paired fins differ widely in the two groups. 
In the Sharks both pairs are well developed, the pectoral being the larger. 
In the Rays the pectoral fins are extremely large, very much larger than the 
pelvic, fringing the greater part of the length of the flattened body, and 
becoming prolonged forwards on either side and even in front of the head, so 
that the animal presents the appearance of a broad fleshy leaf. 

In all recent Chondrichthyes the male has, connected with the pelvic fins, 
a pair of grooved appendages — ^the claspers or myxopterygia — ^which subserve 
copulation. 

The mouth is situated on the ventral surface of the head, usually a 
considerable distance from the anterior extremity. In front of eadi ai^lle of 
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the mouth on the ventral surface is the opening of one of the olfactory sacs, 
each of which is frequently connected by a groove — the naso-buccal groove — 
with the mouth-cavity. Behind the mouth, on the dorsal surface in the Rays, 
and at the side in the Sharks, is the spiracle. Along each side of the 
neck in the Sharks, and on the ventral surface in the Rays, there is a 
row of slit-like apertures — the branchial slits or branchial clefts. These are 
usually five in number on each side ; but in Hexanchus and Chlamydoselachus 
there are six, and in Heptranchias seven. In Chlamydoselachus (Fig. 145) a 
fold comparable to a rudimentary operculum extends back over the first 
branchial cleft, and is continuous across the middle line ventrally; in the 
remainder of the sub-class no such structure is 
represented. A large cloacal opening is situated 
just in front of the root of the tail, and in most 
members of the sub-class a pair of small openings 
placed close to it — the abdominal pores — ^lead into 
the abdominal cavity. 

When the integument develops any hard parts 
as is the case in the majority of the Chondrichthyes, 
they take the form, not of regular scales, as in most 
other fishes, but of numerous hard bodies (Fig. 165) 
which vary greatly in shape, are usually extremely 
minute, but are in some cases developed, in certain 
parts of the surface, into prominent tubercles or 
spines. When these hard bodies are, as is commonly 
the case, small and set closely together in the skin, 
they give the surface very much the character of 
a fine file; and the skin so beset, known as 
“ shagreen,” was formerly used for various polishing 
purposes in the arts. This is the placoid form of 
exoskeleton, to which reference has been already 
made (page 63). Each of the hard bodies has the 
same structure as a tooth, being composed of 
dentine, capped with an enamel-like layer, and supported on a base of a 
substance somewhat resembling the bony cement or crusta petrosa of the 
tooth. 

The skdetmi is composed of cartilage, with, in many cases, deposition of 
calcareous matter in special places — ^notably in the jaws and the vertebral 
column. The entire spinal column may be nearly completely cartilaginous 
[Hexanchus and Heptranchias), but usually the centra are strengthened by 
radiating or concentric lamellae of calcified tissue ; or they may be completely 
calcified. They are deeply amphicoelous, the remains of the notochord 
persistii^ in the large inter-central spaces. Intercalary pieces (Fig. 166, Jc.) 



Fig. 165. — Dermal denti- 
cles of Centrophorus calceus, 

slightly magnified. (From 
Gegenbaur's Comparative 
A nafomy.) 
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are interposed between both superior and inferior arches. In the Rays (Fig. 
167) the anterior part of the spinal column becomes converted into a con- 
tinuous solid cartilaginous and calcified mass — the anterior vertebral plate 
(a. V. p.). As in fishes in general, two regions are distinguishable in the 
spinal column — the precaudal and the caudal, the latter being characterised 
by the possession of inferior or haemal arches. In the precaudal region short 
ribs may be developed, but these are sometimes rudimentary or entirely 
absent. In the Sharks pterygiophores, sometimes jointed, fused at their bases 
with the haemal spines, support the ventral lobe of the caudal fin, and the 
dorsal lobe of the same fin is supported by a series of pterygiophores resembling 
produced neurad spines, but only secondarily related to the spinal column, 
and sometimes also divided by joints. The dorsal and ventral fins axe 
sometimes supported by similar pterygiophores ; but in many cases the 
cartilaginous supports of these fins consist, in whole or in part, of expanded 

plates of cartilage. The marginal 
portions of the unpaired fins 
beyond the limits of the endo- 
skeleton are supported by dermal 
fibre-like structures {peratotrichia) 
composed of elastin. 

The skull is an undivided mass 
of cartilage, hardened, in many 
cases, by deposition of calcareous 
matter, but not containing any 
true bony tissue. It consists of 
a cartilaginous case for the pro- 
tection of the brain and the organs 
of special sense. The structure of this cartilaginous brain-case as it occurs in 
the Dog-fish has already been described. The main differences observable in 
the different families are connected with the size and form of the rostrum. 
In the Rays the lower lip of the foramen magnum is deeply excavated for the 
reception of a short process, the so-called odontoid process, which projects 
forwards from the anterior vertebral plate, and on either side of this is an 
articular surface — the occipital condyle — for articulation with corresponding 
surfaces on that plate. In the Sharks the skull is not so definitely marked 
off from the spinal column. The apertures of the aqueductfis vestibuK in the 
Rays are not situated in a median depression such as is observable in the 
Dog-fish and in all the Sharks. The articular surface in the auditory region 
for the hyomandibular is sometimes borne on a projecting process, sometimes 
on the general level of the lateral surface. Sometimes in the Rays there is a 
smaller articulation behind for the first branchial arch. 

The upper and lower jaws — the palatoquadrate and Meckel’s cartilage — are 
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Fig. 166. — Portion of the spinal column of 
Soynmorhiniui. Ic, intercalary cartilages ; Oh. 
neural arches ; WK, centra. (From Wieder- 
sheim's Vertebrafa.) 
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connected with the skull through the intermediation of a hyomandibular 
cartilage (Fig. 149, hy,mn . ; Fig. 167, h, m). The skull is thus of the 
hyostylic type as regards the mode of suspension of the jaws. In the Sharks 
the palatoquadrate has a process (absent in the Rays) for articulation with 
the base of the skull in the pre-orbital region. In Hexanchus and Heptranchias 



Fig. 167. — Skeleton ot Sting-Bay (Vrolophus), ventral view. a. v. p. anterior vertebral plate ; 
basM. basibranchial plate ; br.i — br.3 branchial arches. (The branchial rays are not represented, 
the round dots indicating their articulations with the arches.) cl. skeleton of clasper; h.m. 
hyomandibular ; hy. hyoid arch ; lab. labial cartilage ; Hg. ligament connecting the hyomandi- 
bular with the palatoquadrate and Meckel's cartilage ; mck. Meckel's cartilage ; ms.pt. meso- 
pterygium, and mt.pL metapterygium of pectoral fin ; mt.pt'. metapterygium of pelvic fin ; nas. 
nasal cartilage ; pal, palatoquadrate ; peel, pectoral arch ; pi. pelvic arch ; pro.pt. propterygium ; 
sp. spiracular cartilage. 

(Fig. 168) there is in addition to this a prominent post-orbital process of the 
palatoquadrate for articulation with the post-orbital region of the skull 
{amphistylic arrangement). Cestracion is also in a sense amphistylic ; the 
palatoquadrate is firmly united with the skull, articulating with a groove on 
the base, and the hyomandibular takes only a small share in the suspension 
of the jaws« At the sides of the mouth in all Chondrichthyes is a series of 
labial cartilages , usually two pairs above and one pair below. Attached to 
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the hyomandibular is a thin plate of the cartilage — the spiracular (Fig. 167, 
sp.) — which supports the anterior wall of the spiracle. 

The hyoid arch proper is in most of the Chondrichthyes connected at its 
doirsal end with the hyomandibular — sometimes at its distal extremity, 
sometimes near its articulation with the skull ; but in some Rays it is not so 
related, but articulates separately and independently with the skull behind 
the hyomandibular, and in the genera Hypnarce and Trygonorhina it articulates 
with the dorsal portion of the first branchial arch. In the Sharks the hyoid 
is usually relatively massive ; in the Rays it is smaller, and in most cases 
closely resembles the branchial arches, and bears similar cartilaginous rays ; 
a larger or smaller median element, or basihyal, is present in all cases. 



Fig. 168. — ^Lateral view of the skull of Heptnmohias. mck. Meekers cartilage : paLqu. 
palatoquadrate ; pt, orb, post-orbital process of the cranium, with which the palatoquadrate 
articulates. (After Gegenbaiir.) 

There are always five pairs of branchial arches except in Hexanchus and 
Chtamydoselachus, which have six, and Heptranchias, in which there are seven. 
Their dorsal ends are free in the Sharks, articulated with the anterior vertebral 
plate of the spinal column in most Rays. Externally they bear a series of 
slender cartilaginous branchial rays. The median ventral elements of the 
branchial arches are usually more or less reduced, and in some cases are 
represented by a single basi-branchial plate (Fig. 150 bas. br.). In the Rays 
the fifth branchial arch articulates with the pectoral arch, a connection which 
is absent in the Sharks. A series of slender cartilages, probably modified 
branchial rays — ^the extra~branchial cartilages — absent as such in some Dog- 
fishes and Rays, support the branchial apertures. 

The pectoral arch (Figs. 151, 167, pect.) consists of a single cartilage, with, 
however, in most of the Sharks, a mesial flexible portion by which it is divided 
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into right and left halves. Each lateral half consists of a dorsal scapular and 
a ventral coracoid part, the two being separated by the articular surfaces for 
the basal cartilages of the fin. In the Rays, but not in the Sharks, the dorsal 
ends of the pectoral arch are connected with the spinal column (anterior 
vertebral plate) by a distinct articulation, the portion of the arch on which 
the articular surface is situated sometimes forming an independent cartilage 
{supra-scaptda). 

The basal pterygiophores of the pectoral fin are typically three. Pro-, meso-, 
and meta-pterygium (Figs. 151 and 167), but there are sometimes four, and 
the number may be reduced to two. The pro- and meta-pterygia are divided 
in the Rays (Fig. 167) into several segments, and the former articulates, 
through the intermediation of a cartilage termed the antorbital, with the 
olfactory region of the skull. 

The pelvic arch {pi.) is usually, like the pectoral, a single cartilage, but in 
some exceptional cases it consists of two lateral portions. In some cases a 
median epipubic process projects forwards from the pelvic arch, and frequently 
there is on each side a prepubic process. A lateral iliac process, which becomes 
highly developed in the Holocephali, is sometimes represented, and may attain 
considerable dimensions. The pelvic fin has usually two basal cartilages, 
representing the pro- and meta-pterygia, but the former is often absent. In 
the male special cartilages attached to the metapterygia support the claspers. 
With the basal cartilages of both pectoral and pelvic fins are connected a 
number of jointed cartilaginous fin-rays supporting the expanse of the fin. 

The arrangement of the muscles is simple. The trunk-musdes are divided 
into a pair of dorsal and a pair of ventral divisions, each composed of 
many myomeres with intercalated myocommata (Fig. 56, p. 66), following a 
metameric arrangement. The ventral part, where it forms the muscles of the 
wall of the abdominal cavity, is composed externally of obliquely running 
fibres, and represents one of the two oblique muscles of the abdomen of higher 
forms. Mesially this passes into a median band of longitudinally running 
fibres corresponding to a primitive rectus. The muscles of the limbs are 
distinguishable into two main sets — ^those inserted into the limb-arch and 
those inserted into the free part of the appendage. The latter, according to 
their insertion, act as elevators, depressors, or adductors. A series of circular 
muscles passes between the cartilages of the visceral arches and, when they 
contract, have the effect of contracting the pharynx and constricting the 
apertures. A set of muscles pass between the various arches and act so 
as to approximate them; and a broad sheet of longitudinal fibres divided 
into myomeres extends forwards from the shoulder-girdle to the visceral 
arches. 

ElueMe wgaas — organs in which el«:tricity is formed and stored up, to be 
discharged' at tte will of the Fish — occur in several Chondrichth5^s. They 
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are best developed in the Electric Rays and (Hypnarce and Torpedo, Fig. 169), 
in which they form a pair of large masses running through the entire thickness 
of the body, between the head and the margin of the pectoral fin. A network 
of strands of fibrous tissue forms the support for a number of vertical prisms, 
each divided by transverse partitions into a large number of compartments 

or cells. Numerous nerve-fibres 



pass to the various parts of the 
organ. These are derived mainly 
from four nerves, which originate 
from an electric lobe of the medulla 
oblongata, with a branch from the 
trigeminal. By means of the 
electric shocks which they are able 
to administer at will to animals 
in their immediate neighbourhood, 
the Torpedoes are able to ward 
off the attacks of enemies and to 
kill or paralyse their prey. In 
the other Rays in which the 
electric organs are developed they 
are comparatively small organs 
situated at the sides of the root 
of the tail. In all cases the cells 
are formed from metamorphosed 
muscular fibres. 

Luminous organs by the agency 
of which a phosphorescent light is 
produced occur on the surface of a 
few oceanic elaismobranchs. 


Fig. 169. — A Torpedo with the electric organs 
dissected out. On the right the surface only of the 
electric organ (O.F.) is shown, on the left the 
nerves passing to the organ are shown. The roof 
of the skull is removed to bring the brain into view. 
br, gills ; /. spiracle ; o. eyes ; tr. trigeminal ; fr'. 
its electric branch ; v, vagus ; 7, fore<brain ; 77, 
midbrain; 777, cerebellum; IV, electric lobe. 
(From Gegenbaur.) 


Digestive System. — Teeth are 
developed on the palatoquadrate 
and on Meckel’s cartilage. They 
are arranged in several parallel 
rows, and are developed from a 
groove within the margin of 
the jaw, successive rows coming 
to the front, and, as they are worn out, falling off and being replaced by 
others. In the Sharks the teeth are usually large, and may be long, narrow, 
and pointed, or triangular with serrated edges, or made up of several sharp 
cusps ; in the Rays, however, the teeth are more or less obtuse, sometimes, 
as in the Eagle-Rays, forming a continuous pavement of smooth plates covered 
with enamel, adapted to crushing food consisting of such objects as shell-fish 
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and the like. The Sharks have a prominent tongue supported by the median 
basihyal ; this is entirely or almost entirely absent in the Rays. The various 
divisionsof the alimentary canal are similar in all the membersof the class to what 
has already, been described in the case of the Dogfish. A spiral valve is always 
present in the large intestine, though its arrangement varies considerably in 
the different families. In some cases {e.g. Carcharinus) the fold is not a spiral 
one, but, attached by one edge in a nearly longitudinal line to the intestinal 
wall, is rolled up in the shape of a scroll. A pair of pyloric caeca occur in 
Somniosus. Appended dorsally to the rectum is a median glandular caecum, 
the rectal gland. The rectum adways terminates in a cloaca, into which the 
urinary and genital ducts also lead. There is alwaysa voluminous liver and 
a well-developed pancreais. 

A thyroid lies in the middle line behind the lower jaw. A representative 
of the thymus lies on either side, a little below the upper angles of the branchial 
clefts. 

The respiratory oi^ans of the Chondrichthyes always have the general 
structure and arrangement already described in the case of the Dogfish. In 
the Rays the water for respiration is taken in mainly through the spiracles ; 
in the Sharks through the mouth. 

In addition to the gills supported on the hyoid and branchial arches there 
is also in the Notidanidae a gill on the anterior side of the spiracular cleft — the 
spiracular gill — ^represented in many others by a rete mirabile or network of 
blood-vessels {pseudobranch). In Cetorhinus (the Basking Shark) there is a 
series of slender rods, the gill-rakers, which impede the passage outwards 
through the branchial clefts of the small animals on which those Sharks 
feed. 

Blood-system. — ^The heart has, in all essential respects, the same structure 
throughout the group. The conus arteriosus is always contractile, and con- 
tains several rows of valves. The general course of the circulation is the 
same in all (see p. 186), with some variation in the precise arrangement of the 
vessels. In some of the Rays the ventral aorta and the roots of the afferent 
vessels are partly enclosed in the cartilage of the basi-branchial plate. 

The brain attains a much higher stage of development than in the 
Cyclostomata. The fore-brain greatly exceeds the other divisions in size. In 
Scymnorhinus there are two widely-separated parencephalic lobes or cerebral 
hemispheres containing large lateral ventricles. In other genera there is at 
most, as in the Dogfish, a median depression of greater or less depth, 
indicating a division into two lateral portions. In Scyliorhinus, as already 
pointed out, there is a median prosocoele which gives rise anteriorly to two 
lateral yentricles, or paracoeles, and the same holds good of Squatina and 
Squahts. In most Rays there is only a very small jarosoccele without anterior 
prolongations ; in MylioboHs this is absent. The olfactory bulbs are of great 
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size, in some cases with short and thick, in others longer and narrower, stalks. 
In Scyliorhinus, Squatina, and Squalus, as well as in Scymnorhinus, they 
contain ventricles {rhinocaeles) continuous with the paracoeles; in the Rays 
they are solid. 

The diencephalon is of moderate extent. On its lower aspect are a pair of 
rounded lobi inferiores, which are of the nature of dilatations of the infundi- 
bulum, and a saccus vasculosus, which is a diverticulum of the infundibulum ; 
directly below the saccus vasculosus lies the hypophysis. The epiphysis is 
long and narrow. 

In the hind-brain the cerebellum is relatively greatly elongated and overlaps 
the optic lobes and sometimes also the diencephalon in front, while behind it 
extends over the anterior part of the medulla oblongata. It usually contains 
a cerebellar ventricle or epicocle. The medulla is elongated in the Sharks, 
shorter and more triangular in the Rays. The Electric Rays are characterised 
by the presence of the electric lobes, rounded elevations of the floor of the 
fourth ventricle. 

Organs of Sense. — Integumentary sense-organs {neuromasts, p. 109) are 
highly developed in the Chondrichthyes. They are supplied, as already 
mentioned, by branches of the nerves of what is known as the lateral system, 
comprising, in addition to the lateralis, nerves in relation with the facial and 
sometimes the glossopharyngeal. These integumentary sense-organs occur in 
the interior of a continuous system of closed tubes, the sensory tubes, more 
rarely of open grooves. The chief canals of this system are a lateral-line canal, 
running along the middle of each side of the body, which is continuous with 
certain canals in the head : these communicate with the exterior at intervals 
by small pores. In addition to the canals of the lateral-line system there are 
a number of isolated canals, the ampuUary canals, with neuromasts contained 
in terminal enlargements or ampuUce ; these, which are peculiar to- the 
Chondrichthyes, are most numerous about the snout region. Of similar essential 
character are the vesicles of Savi which occur in the Electric Rays. 

The olfactory organs axe a pair of cavities opening on the lower surface of 
the head, a little distance in front of the mouth, and enclosed by the 
cartilaginous olfactory capsules of the skull. Their inner surface is raised up 
into a number of ridges on which the fibres of the olfactory nerves are 
distributed. The ^e has a cartilaginous sclerotic, and is in most cases 
attached to the inner wall of the orbit by means of a cartilaginous stalk. 
There appears to be no mechanism providing for accommodation. A fold of 
the conjimctiva resembling the nictitating membrane, or third eyelid of higher 
Vertebrates, occurs in some Sharks. The ear consists of the membranous 
vestibule, uWch is partly divided into two (utriculus and sacculns), frmn 
whidi arise the three semicircular canals with their ampolke, and £dso the 
aqueduct^s vestibuli or endcdymphatic duet — which opens to the exterior on the 
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dorsal surface of the head. In the Rays the semicircular canals form almost 
complete circles and open separately into the vestibule by narrow ducts. 

Urinogenital Organs. — The kidneys, as already noticed in the account given 
of the Dogfish, differ somewhat in their relations in the two sexes. In the 
male the anterior portion persists in the epididymis, and its duct becomes the 
spermiduct, while the posterior portion, which is the functional kidney, has a 
duct or ducts of its own. In the female there is no direct connection between 
the reproductive and renal organs ; the anterior portion of the kidney may 
be functional, and its duct persists, opening along with those of the 
posterior portion. In the male the urinary ducts open into a median 
chamber — the urinogenital sinus — ^which extends into the cloaca, and receives 
also the spermiducts : it communicates with the general cavity of the 
cloaca by a median opening situated on a papilla — the urinogenital papilla. 
In the female there is a median urinary sinus, into which the urinary ducts 
open, or the latter may open separately into the cloaca. 

Save in certain exceptional cases {e.g. Scyliorhinus), there are two ovaries, 
varying considerably in form, but always characterised towards the breeding 
season by the great size of the follicles enclosing the mature ova. The 
oviducts (Mullerian ducts) are quite separate from the ovaries. The right and 
left oviducts come into close relationship anteriorly, being united in the middle 
on the ventral surface of the oesophagus, where each opens by a wide orifice 
into the abdominal cavity, or both open by a single median aperture. The 
following part of the oviduct is very narrow; at one point it exhibits a 
thickening, due to the presence in its walls of the follicles of the sheU-gland. 
Behind this is a dilated portion which acts as a uterus, and this communicates 
with the cloaca through a wide vagina. A considerable number of the 
Chondrichthyes are viviparous, and in these the inner surface of the uterus 
is beset with numerous vascular villi, while the shell-gland is small or 
vestigial. 

The testes are oval or elongate : the convoluted epididymis is connected 
with the anterior end by efferent ducts, and from it arises the vas deferens. 
The latter is dilated near its opening into the urinogenital sinus to form an 
ovoid sac — ^the vesicula seminalis. A sperm-sac is sometimes present, opening 
close to the aperture of the vas deferens. The Mullerian ducts are vestigial 
in the male. 

Impregnation is internal in all the Chondrichthyes with the possible 
exception of Somniosus (the Greenland Shark), the claspers acting as intro- 
mittent organs by whose agency the semen is transmitted into the interior of 
the oviducts. 

In aU the Chondrichthyes the ova are very large, consisting of a large 
mass of yolk-spherules held together by means of a network of protoplasmic 
threads, with, on one side, a disc of protoplasm — the germinal disc. The 
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process of maturation is similar to that observable in holoblastic ova; one 
polar body is thrown off in the ovary, the other apparently at impregnation. 
The ripe ovum ruptures the wall of the enclosing follicle and so passes into 
the abdominal cavity to enter one of the oviducts through the wide abdominal 
opening. Impregnation takes place in the oviduct, and the impregnated 
ovum in the oviparous forms becomes surrounded by a layer of semi-fluid 
albumen and enclosed in a shell of keratin secreted by the shell-gland. The 
shell varies in shape somewhat in the different groups : most commonly, as 
in many Dogfishes (Fig. 163), it is four-cornered, with twisted filamentous 

appendages at the angles, by means of which it 
becomes attached to sea-weeds and the like. 
In the Skates the filaments are absent. In the 
Port Jackson Sharks (Heterodontus, Fig. 170) 
it is an ovoid body, the wall of which presents 
a broad, spiral flange. The young Shark or 
Ray goes through its development enclosed in 
the shell, until it is fully formed, when it escapes 
by rupturing the latter. In the viviparous 
forms the ovum undergoes its development in 
the uterus, in which in most cases it lies free 
— except in some Mustelidse and Carcharinidae, 
in which there is a close connection between 
the yolk-sac of the embryo and the wall of the 
uterus, folds of the former interdigitating with 
folds of the latter, and nourishment being thus 
conveyed from the vascular system of the 
mother to that of the foetus by diffusion. In 
some of the viviparous forms a distinct though 
Fig. 170.— Egg-case of Betero- very delicate shell, sometimes having rudiments 
donhu galeatoB. (After Waite.) filaments, is formed, and is thrown off 

in the uterus. In the genera Rhinobatus and Trygonorhina, which are both 
viviparous, each shell encloses not one egg, but three or four. Somniosus is 
said to differ from all the rest of the Chondrichthyes in having the ova fertilised 
after they have been deposited, as well as in the small size of the ova. 

Development. — Cleavage is meroblastic,i being confined to the germinal 
disc, which, before dividing, exhibits amoeboid movements. While cleavage 
is going on in the germinal disc there appears a number of nuclei, the heads of 
accessory sperms, in the substance of the yolk. When cleavage is complete, 
the blastoderm appears as a lens-shaped disc, thicker at one end — 
the embryonic end. A segmentation-cavity appears early beneath the 
blastoderm. 

1 Except in one species of Cestracion. 
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An in-folding (Fig. 17 1) now begins at the posterior edge of the thickened 
embryonic blastoderm, which here becomes continuous with the cells of the 
lower layer. The cavity {a 1 ), at first very small, formed below this in-folding 
is the rudiment of the archenteron, and the cells lining this cavity above, which 



Fig. 171. — Longitudinal section through the blastoderm of a Pristiorus embryo before the 
medullary groove has become formed, showing the beginning of the process of in>folding or 
invagination, al, archenteron ; ep, ectoderm ; er, embryonic rim ; m. mesoderm. (After 
Balfour.) 


form a definite layer, partly derived from the in-folded blastoderm, partly 
from the cells of the lower layer, are the beginning of the definite endoderm. 
The edge of the in-folding, entitled the embryonic rim, is obviously the 
equivalent of the dorsal lip of the blastopore in Amphioxus. The endoderm 
and its underlying cavity soon grow forwards towards the segmentation-cavity. 
Under the latter appears a floor of lower-layer cells, but the cavity soon 
becomes obliterated as the archenteron develops. 



Fig. 172. — ^PristiunUy transverse section of blastoderm, showing the formation of the meso- 
derm. bp. U dorsal lip of blastopore ; c. b,^ external coelomic bay ; c, b,^ internal coelomic bay ; 
f c. ectoderm ; en, endoderm ; m. /. medullary fold ; m. gr. m^ullary groove ; external 
rudiment of mesoderm ; ms.* internal rudiment of mesoderm ; «c, notochord; yolk; yk. n, 
yolk nuclei. (From O. Hertwig, after Rabl.) 

After the formation of the embryonic rim a shield-like embryonic area is 
distinguishable in front of it, with two folds bounding a groove — ^the meduUary 
groove. The mesoderm becomes established at about the same time. It is 
formed from two separate and distinct sources (F^. 172). Along the edge of 
the embryonic rim appears a horizontal groove-like depression ; this — ^the 
external coelomic bay (c. &.^) — ^marks the line of origin of the peripheral part 

VOL. n. p 
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of the mesodenn (m. s.^), which grows inwards from it as a plate of cells 
between the ectoderm and the endoderm. The central part of the embryonal 
mesoderm {m. s.®) is developed from the endoderm at a point immediately 
external to the rudiment of the notochord : here also a slight groove — the 
internal ccclomic bay {c. &.*) — is distinguishable, and from this a plate of 
mesoderm cells grows outwards. Eventually the peripheral and central plates 
of mesoderm come into contact and coalesce to form a continuous sheet on 




Fig. 173. — ^Diagrammatic loagitudinal sections of an Chondiichthyan embryo. A, section 
of the young blastoderm with segmentation-cavity enclosed in the lower layer cells ; B, older 
blastoderm with embryo in which endoderm and mesoderm are distinctly formed, and in 
which the alimentary slit has appeared. The segmentation-cavity is still represented as 
being present, though by this stage it has in reality disappeared. C, older blastoderm with 
embryo in which the neural canal has become formed and is continuous posteriorly with the 
alimentary canal. Ectoderm without shading ; mesoderm and also notochord black with clear 
outlines to the cells; endoderm and lower layer cells with simple shading, a/, alimentary 
cavity ; ch, notochord ; ep, ectoderm ; w. mesoderm ; n. nuclei of yolk ; nc. neurocoele ; sg. 
segmentation-cavity ; x, point where ectoderm and endoderm become continuous at the 
posterior end of the embryo. (From Balfour.) 


each side of the middle line. Though the mesodermal rudiments, peripheral 
and central, contain no cavities, the grooves [calomic bays) from which their 
development takes its origin may represent the cavities of the coelomic sacs 
of Amphioxus. 

As the blastoderm extends over the yolk, its posterior edge assumes the 
form of two prominent caudal swellings (Fig. 174, ci.). The medullary groove 
meanwhile deepens, and its edges grow over so as to form a canal (Fig. 173, C ; 
Fig. 175). The union takes place first in the middle, the anterior and posterior 
parts (Fig. 175, neur.) remaining open for a while. When the posterior part 
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closes, it does so in such a way that it encloses the blastopore, and there is 
thus formed a temporary passage of communication between the medullary 
canal and the archenteron — ^the neurenteric passage. 

The ectoderm gives rise, as in Vertebrates in general, not only to the 
epidermis and the central nervous system, but also to the peripheral nervous 
system, the lining membrane of the olfactory sacs, the lens of the eye, and the 
lining membrane of the auditory lab5odnth of the mouth, and of the outer 
portions of the cloaca and gill-clefts. 

The notochord (Fig. 173 C, ch.) is developed as a cord of cells derived from 
the dorsal lip of the blastopore. 

Each lateral sheet of mesoderm, soon after its formation by the coalescence 



Fig. 174. — Embryo of Scyliorhiniis canicula 
with the tail-swellings well marked and the 
medullary groove just beginning, bl. e. edge of 
blastoderm ; bl. p. blastopore ; cd. caudal 
swellings ; hd. head. (After Sedgwick.) 



Fig. 175. — Embryo of a Ray with the 
medullary groove closed except at the hind 
end. The notched embryonic part of the 
blastoderm has grown faster than the rest 
and come to project over the surface of the 
yolk. hi. e. edge of blastoderm ; hd. head ; 
neur. unenclosed parf of the neurocoele. 
(After Sedgwick.) 


of the peripheral and central rudiments, becomes divided by the development 
of a horizontally directed cleft-like space in its interior. The iimer part of 
each sheet then separates from the outer by the formation of a longitudinal 
fissure. The former, which is known as the vertebral plate, becomes divided 
by transverse fissures into a number of squarish masses, the mesodermal 
somites. The outer part forms a broad plate, the lateral plate. The lateral 
plate consists of two layers, a dorsal or somatic, and a ventral or splanchnic, 
and the cavity between them is the beginning of the coelome. The somites send 
off cells round the notochord to form the bodies of the vertebrae, the remainder 
of the somites giving rise to the muscles of the voluntary system. An isthmus 
of mesoderm cells {^tephrotome), which still connects each protovertebra with 
the lateral plate and contains a prolongation of the cavity, gives rise to the 
pronephric duct and tubules. The lateral plates eventually unite ventraUy, 
VOL. u. p* 
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and their cavities coalesce to form the body-cavity. The parts derived from 
the mesoderm are the system of voluntary muscles, the dermis, the inter- 
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Fig. 176. — ^Three views of the developing 
egg of a Chondrichthyan* showing the em- 
bryo, the blastoderm, and the vessels of the 
yolk-sac. The shaded part (bl.) is the blasto- 
derm, the white part the uncovered yolk. 
A, young stage with the embryo still at- 
tached at the edge of the blastoderm; B, 
older stage with the yolk not quite enclosed 
by the blastoderm ; C, stage after the com- 
plete closure of the yolk. a. arterial trunks 
of yolk-sac ; bU blastoderm ; v, venous 
trunks of yolk-sac ; y. point of closure of the 
yolk-blastopore; x, portion of the blasto- 
derm outside the arterial sinus terminalis. 
(From Balfour.) 


muscular connective-tissue, the endo- 
skeleton, the muscular and connective- 
tissue layers of the alimentary canal, 
the vascular system, and the generative 
organs. The segmentation of the 
mesoderm extends into the head where 
the somites give rise to the extrinsic 
eye muscles. On the formation of the 
gill-clefts, a series of visceral muscle 
plates appear, the cells of which give 
rise to the cartilages and muscles of 
the branchial, hyoid, and mandibular 
arches. 

By degrees the body of the young 
fish becomes moulded on the blasto- 
derm. This is effected by the forma- 
tion of a system of folds, anterior, 
posterior, and lateral, which grow 
inwards in such a way as to separate 
off the body of the embryo from the 
rest of the blastoderm enclosing the 
yolk. As the folds approach one 
another in the middle, underneath the 
embryo, they come to form a con- 
striction connecting the body of the 
embryo with the yolk enclosed in the 
extra-embryonic part of the blasto- 
derm. The process may be imitated if 
we pinch off a portion of a ball of 
clay, leaving only a narrow neck con- 
necting the pinched-off portion with 
the rest. The body of the embryo is 
thus gradually folded off from yolk- 
sac and comes to be connected with 
it only by a narrow neck or yolk-stalk 
(Fig. 176). The head and tail of the 


young Fish soon undergo differentiation and a series of perforations at the sides 
of the neck (Fig. 177) form the branchial clefts and spiracle. A number of veiy 
delicate filaments (Figs. 177, 178) grow out from these apertures and become 
greatly elongated ; these are the provisional gills, which atrophy as the develop- 
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ment approaches completion, their bases alone persisting to give rise to the 
permanent gills. The great development of these gill-filaments in the embryos 
of some viviparous forms suggests that, in addition to their respiratory 
functions, they may also serve as organs for the absorption of nutrient fluids 
secreted by the villi of the uterine wall.^ The fins, both paired and unpaired, 
appear as longitudinal ridges of the ectoderm enclosing mesoderm. In some 
Chondrichthyes the paired fins are at first represented on each side by a 
continuous ridge or fold, which only subsequently becomes divided into 
anterior and posterior portions — the rudiments respectively of the pectoral 
and pelvic fins. Into these folds penetrates a series of buds from the somites : 
these, the muscle-buds, give rise to the fin-muscles ; at first, from their mode 


m-brn, 



Fig. 177. — Side view of head of 
embryo of Soyliorhinos canicala, 
with the rudiments of the gills on 
the first and second branchial 
arches, eye, eye ; m. brn, mid- 
brain ; mnd, mandible ; nas. 
nasal sac. (After Sedgwick.) 



Fig. 178. — Side view of the head 
of Scyliorninus canicula at a some- 
what later stage. The gill-filaments 
have increased in number and are 
present on the mandibular arch. ang. 
angle of the jaw ; hy, hyoid ; w. hrn, 
mid-brain ; nas. nasal sac ; spir. 
spiracle. (After Sedgwick.) 


of origin, they present a metameric arrangement, but this is in great measure 
lost during development. 

Ethology and Distribution. — The habits of the active, fierce, and voracious 
Sharks, which live in the surface-waters of the sea, waging war on aU and sundry, 
contrast strongly with those of the more sluggish Rays, which live habitually 
on the bottom, usually in shallow water, and feed chiefly on crustaceans and 
molluscs, with the addition of such small fishes as they can capture. As a 
group, the Chondrichthyes, more particularly the Sharks, are distinguished by 
their muscular strength, the activity of their movements, and also by the 
acuteness of their senses of sight and smell. 

Nearly all are marine : some ascend rivers : a very few live habitually in 
fresh water. 

^ In a species of Trygon a number of the villi of the uterus project into the pharynx of the 
feettts through the spiracles, and nourishment is probably received by this means. 
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None of the Chondrichthyes is of very small size, and comprised among 
them are the largest of living Fishes : the harmless Basking Sharks {Cetorhinus) 
sometimes attain a length of 35 feet or more, the formidable Great Blue Shark 
{Carcharodon) sometimes reaches 30 feet, and some of the Rays also attain 
colossal dimensions. In this respect, however, recent Sharks and Rays are 
far behind some of the fossil forms, certain of which, if their general dimensions 
were in proportion to the size of their teeth, must have reached a length of as 
much as 80 feet. 


Sub-Class Holocephali. 

The Holocephali appear first in the lower Jurassic as a branch from the 
Bradyodont stock (p. 174), and replaced that group after its extinction during 
the Permian period. 

Although definitely Chondrichthyes, as is shown by the presence of claspers 
in the male, by the large egg-cases, the placoid scales when present (in modern 
species the skin is naked ^), and by the general similarity of anatomical 
structure to that of the Euselachii, the group has nevertheless a number of 
well-defined characters which entitle its representatives to be placed in a 
separate sub-class. In the first place, the holostylic jaw suspension is 
characteristic (see p. 74), as are the extra claspers on the head and in front 
of the normal pair on the abdomen. The numerous calcified rings round the 
unconstricted notochord and the presence of an operculum are characters 
which differentiate the Holocephali from the Euselachii. The dentition is also 
highly peculiar in the composition of the tooth-plates, as well as in their 
shape. There is no enamel, but, instead, a layer of vitro-dentine, and the 
pulp cavity is much reduced. The teeth are in the form of tritural plates 
formed, no doubt, by a fusion of originally separate denticles. Of these 
plates there are two pairs in the upper jaws, a small anterior and a larger 
posterior pair, and one large pair on the lower jaws. The arrangement of 
these plates producing the " parrot "-like beak has contributed largely to the 
peculiar modification of the whole skull. The microscopic structure of the 
teeth is much like that of the Bradyodonti. 

The earliest known representatives of the Holocephali differ very little in 
essential characters from the living forms. Squaloraja (Fig. 179) and Myria- 
canthus are representative and fairly completely known examples. 

The existing representatives of the Holocephali are included under the 
single family Chimarida, containing three genera — Chimara, CaUorhynckus, 
and Harriotta. Even taking in fossil forms, the group is a very small one ; it 
agrees in many fundamental characteristics with the Elasmobranchii, and is 
sometimes included in that sub-class. Of the recent genera, Chimsera, the 
so-called " King of the Herrings ” (Fig, 180, I), is found on the coasts of 

^ A few placoid scales occur on the claspers. 
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Europe, Japan, and Australia, the west coast of North America, and at the 
Cape of Good Hope ; Callorh3mchus (Fig, 180, II) is tolerably abundant in 
the South Temperate seas ; Harriotta (Fig. 180, III) is a deep-sea form. 



Fig. 179. — A, tooth-plates of Myriacanthus ; B, dorsal view of Squaloraja ; C, tooth-plates of 
Callorhynchus ; D, tooth-plates of Sqttahraja ; E, tooth-plates of Rhynchodus ; F, tooth-plates 
of Hariotta; G, tooth-plates of Elasmodus, A, cL anterior clasper; c, paired cartilages; cl. 
clasper; fused post-occipital vertebrae; pst* predentary tooth; pi. palatine tooth; p. vt. 
prevomerme tooth ; r, rostrum ; sL tooth plate of lower jaw ; t. a. tritoral area ; //. tentaculum ; 
y. c. vertebral column ; v, t, vomerine tooth. (From Goodrich.) 

Extemai Cbaraeters. — ^The general form of the body is Shark-like, but the 
large, compressed head and small mouth are strikingly different from the 



Fig. tSo. — I. Chinusra monstrasa, male. A. ventral, B. Front view of head. 11. Callorhynchus 
auiarcticus. Dorsal, lateral and ventral views. Harviotta taleighana, (From Goodrich.) 
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depressed, shovel-headed head and wide mouth of most Selachians. The 
mouth is bounded by lip-like folds, two of which, placed laterally and 
supported by labial cartilages, resemble the folds in which the premaxillae and 
maixillae of many Bony Fishes are enclosed : a third fold, external to 
and concentric with the mandible, is also supported by labial cartilages 
and has the appearance of a second or external lower jaw. In Chinuera 
the snout is blunt, in Harriotta long and pointed ; in Callorhynchus it is pro- 
duced into a rostrum, from the end of which depends a large cutaneous flap 
abundantly supplied with nerves and evidently serving as an important 
tactile organ. 

A still more important difference from Sharks and Rays is the possession 
of only a single external branchial aperture, owing to the fact that a 
fold of skin, the operculum, extends backwards from the region of the 
hyoid arch and covers the true gill-slits, which thus come to open into a 
common chamber situated beneath the operculum and communicating with 
the exterior by a single secondary branchial aperture placed just anterior to 
the shoulder-girdle : there is no spiracle. Equally characteristic is the 
circumstance that the urinogenital aperture is distinct from and behind the 
anus, there being no cloaca. 

There are two large dorsal fins and a small ventral ; the caudal fin is of 
the ordinary heterocercal type in the adult Callorhynchus, but in the young 
(Fig. 186) the extremity of the tail proper is not upturned, and the fin-rays 
are arranged symmetrically above and below it, producing the form of tail- 
fin called diphycercal. In Chimcera the tail may be produced into a long 
whip-like filament. The pectoral and pelvic fins are both large, especially 
the former. 

In the male there is a horizontal sht situated a little in front of the 
pelvic fins; it leads into a shallow glandular pouch, from which can be 
protruded a peculiar and indeed unique apparatus, the anterior clasper, consist- 
ing of a plate covered with recurved dermal teeth, tq which is added, in 
Callorhynchus, a plate rolled upon itself 'to form an incomplete tube. The 
use of this apparatus is not known. A rudiment of the pouch occurs in the 
female, although the clasper itself is absent. The male possesses, in addition, a 
pair of the ordinary myxopterygia or posterior claspers, and is further distin- 
guished by the presence of a little knocker-like structure, the frontal clasper, 
on the dorsal surface of the head. In Harriotta the paired claspers are poorly 
developed, and the frontal clasper is absent. 

The lateral line is an open groove in Chinuera, a closed tube in Callor- 
hynchus, and there are numerous sensory pits, arranged in curved lines, on the 
head. The skin is smooth and silvery, and bears for the most part no exoskeletal 
structures. There are, however, delicate, recurved dermal teeth on the anterior, 
and frontal claspers, and the first dorsal fin is supported by an immense bony 
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spine or dermal defence. In the young, moreover, there is a double row of 
small dermal teeth along the back. 

Endoskeleton. — The vertebral column consists of a persistent notochord with 
cartilaginous arches. In Chimara, but not in Callorhynchus, there are calcified 
rings (Fig. i8i, c. r.) embedded in the sheath of the notochord. The anterior 
neural arches are fused to form a high, compressed, vertical plate, to which 
the first dorsal fin is articulated. The cranium (Figs. 182 and 183) has a very 
characteristic form, largely owing to the compression of the region between 



Fig. iSi. — Chimseia monstrosa. A, 

transverse section of the vertebral column ; 
/i, lateral view of the same, c, r, calcified 
ring; h, r. haemal ridge; int, intercalary 
piece ; n, a. neural ar^ ; nch, position of 
notochordal tissue; nch, sh. sheath of 
notochord ; n, sp, neural spine. (After 
Hasse.) 





Fig. 182. — Chimsera monstrosa, lateral view of 
skull, a. s, c. position of anterior semicircular 
canal; c.hy, ceratohyal; e,hy, epihyal; fr.cl. 
frontsd clasper ; h. s, c, position of horizontal semi- 
circular canal ; i. o, s. interorbital septum ; lb, j, 
lb. 2, lb. 3, labial cartilages; Mck. C. mandible; 
Nv. 2, optic foramen ; Nv. jo, vagus foramen ; olf. 
cp. olfactory capsule ; op. r. opercular rays ; pal.qu. 
palatoquadrate ; ph,hy. pharyngohyal ; p. s. c, 
position of posterior semicircular canal ; qu. 
quadrate region ; r. rostrum. (After Hubrecht.) 


and in front of the large orbits, which are separated from the cranial cavity 
only by membrane in Callorhynchus (Fig. 183, or.) ; in Chinuera they lie above 
the level of the cranial cavity and are separated from one another by a median 
vertical partition of fibrous tissue (Fig. 182, t. 0. s). At first sight the palato- 
quadrate, or primary upper jaw, appears to be absent, but a little consideration 
shows it to be represented by a triangular plate (^af. qu.) which extends 
downwards and outwards from each side of the cranium and presents at its 
apex a facet for the articulation of the mandible. The palatoquadrate is 
therefore fused with the cranium and furnishes the sole support for the lower 
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jaw; in a word the skull is hohstylic. The pituitary fossa (Fig. 183, s. t.) is 
very deep and inclined backwards ; on the ventral surface of the basis cranii 
is a pit {pt.) for the extra-cranial portion of the pituitary body. The posterior 
portion of the cranial cavity is very high ; the anterior part — containing most 
of the fore-brain— is low and tunnel-like, and has above it a cavity of almost 
equal size {Nv. 5 o'.) for the ophthalmic branches of the fifth nerves. The 
greater part of the membranous labyrinth is lodged in a series of pits on the 
side-walls of the cranium (a. s. c., p. s. c.), and is separated from the brain by 
membrane only. The occipital region articulates with the vertebral column 
by a single saddle-shaped surface or condyle {oc. cn.). There is a great 
development of labial cartilages, particularly noticeable being a large plate 
which, in Callorhynchus, lies just externally to the mandible, nearly equalling 
it in size and having the appearance of a secondary or external jaw. In 
Callorhynchus the snout is supported by three cartilaginous rods growing 
forward from the cranium, of which one (r.) is median and dorsal and 
represents the rostrum ; these, as well as the great lower labial, are represented 
by comparatively small structures in Chimccra (Fig. 182, Z&.j). 

The hyoid resembles the branchial arches in form and is little superior to 
them in size. Above the epihyal (Fig. 182, e. h.y) is a small cartilage {ph.hy.), 
evidently serially homologous with the pharyngobranchials, and therefore 
to be considered as a pharyngohyal. It represents the hyomandibular of 
Selachians, but, having no function to perform in the support of the jaws, it 
is no larger than the corresponding segments in the succeeding arches. Long 
cartilaginous rays {op. r.) for the support of the operculum are attached to 
the ceratohyal. 

The first dorsal fin is remarkable for having all its pterygiophores fused 
in a single plate, which articulates with the coalesced neural arches already 
referred to. The remaining fins are formed quite on the Selachian type, as is 
also the shoulder girdle. The right and left halves of the pelvic arch are 
separate from one another, being united in the middle ventral line by ligament 
only ; each presents a narrow iliac region and a broad flat pubo-ischial region 
perforated by two apertures or fenestrae closed by membrane, one of them of 
great size in Callorhynchus. The skeleton of the anterior clasper articulates 
with the pubic region. 

Digestive Organs. — The teeth (Figs. 179, 183) are very characteristic, having 
the form of strong plates with an irregular surface and a sharp cutting edge. In 
the upper jaw there is a pair of small vomerine teeth {vo. t.) in front, immediately 
behind them a pair of large palatine teeth {pal. t.), and in the lower jaw a single 
pair of large mandibular teeth {jnnd. <.). They are composed of vasodentine, 
and each palatine and mandibular tooth has its surface slightly raised into a 
rounded elevation of a specially hard substance, of whiter colour than the 
rest of the tooth, and known as a tHtof (fr.). The stomach is almost obsolete, 
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the enteric canal passing in a straight line from gullet to anus ; there is a 
well-developed spiral valve in the intestine. 

Respiratory Organs. — There are three pairs of holobranchs or complete gills 
borne on the first three branchial arches, and two hemibranchs or half-gills, 
one on the posterior face of the hyoid, the other on the anterior face of the 
fourth branchial arch. The fifth branchial arch is, as usual, gill-less, and 
there is no cleft between it and its predecessor. 



Fig. 183. — CallorhyncllttS antarotious, sagittal section of skull ; the labial cartilages are 
removed, a.s.c, apertures through which the anterior semicircular canal passes from the cranial 
cavity into the auditory capsule ; e,Ld. aperture for endolymphatic duct ; mck, c, Meckel's carti- 
lage ; mnd, t. mandibular tootli ; nch. notochord ; Nv, 5, trigeminal foramen ; Nv. 5. 0. foramen 
for exit of ophthalmic nerves ; Nv, 5/0', canal for ophthalmic nerves with apertures of entrance 
and exit ; Nv, 10, vagus foramen ; oc. cn, occipital condyle ; or. fenestra separating cranial cavity 
from orbit ; pal. gn. palatoquadrate ; pal. t. palatine tooth ; pn. position of pineal body ; pt. 
pit for extra-cranial portion of pituitary body ; p.s.c, apertures through which the posterior semi- 
circular canal passes into the auditory capsule ; qu, quadrate region of palatoquadrate ; r. rostrum ; 
sac. depression for sacculus ; 5. t. sella turcica ; tr, tritor ; vo. t. vomerine teeth. 


The small heart resembles that of the Dog-fish in all essential respects, 
being formed of sinus ■frenosus, atrium, ventricle, and conus arteriosus, the 
last with three rows of valves. 

The brain (Fig. 184), on the other hand, is very unlike that of Scyliorhinus, 
but presents a fairly close resemblance to that of Scymnorhinus. The medulla 
oblongata {med. obi.) is produced laterally into large frill-like resii/orm bodies 
{cp. rst.), which bound the hinder half of the cerebellum (cUm.). The 
diencephalon {dien.) is extremely long, trough-shaped, and very thin-walled, 
without pronounced optic thalami ; it is continued without change of diameter 
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into a distinct prosencephalon, which gives off the cerebral hemispheres {crb. 
h.) right and left. The combined diaccele and prosoccele {di. coe.) are widely 
open above in a brain from which the membranes have been removed (A), 
but in the entire organ {B) are roofed over by a conical, tent-like choroid 



Fig. 184. — Calloriorneos oataiotiohas. A, dorsal view of brain after removal of the mem- 
branes ; B, side view with the membranes in place, cblm. cerebellum ; ch. plx i, choroid plexus 
of fore-brain, and ck, plx. 2, of hind-brain ; cp. rst. co^us restiforme ; cp. sir. corpus striatum ; 
crb. h. cerebral hemisphere; di. cos, diacoele; dien. diencephsdon ; for. M. foramen of Monro; 

»’»/• lobus inferior ; med. obi. medulla oblongata ; mt. coe. metacoele ; Uo. 2, optic nerve ; Nv. 5. 
trigeminal ; Nv. 8, auditopr ; Nv. 10, vagus ; el/. 1 . olfactory bulb ; olf. p. olfactory peduncle ; 
opt. 1. <q>tic lobe ; pb. b. pineal body ; pn. s. pineal stalk ; piy. pituitary body. 

plexus [ch. plx. i). The cavities of the small, spindle-shaped hemispheres 
(crb. h.), sometimes regarded as corresponding to olfactory lobes only, com- 
municate with the third ventricle by wide foramina of Monro (Jor. M.), partly 
blocked up by hemispherical corpora striata [cp. sir.). Each hemisphere is 
continued in front into a slender thin-walled tube, the (^factory peduncle [olf. 
p), bearing at its extremity a compressed olfactory bulb [olf. /.). 
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The optic nerves {Nv. 2) 
small rounded vesicle borne 



Fig. 185. — Calloritsmclnii «mt- 
uoiieiu. A, male urinogenital 
organs of left side-ventral asj^t ; 
B, anterior part of vesicula 
seminalis in section, cl. cloaca ; 
cpuf. roididymis ; kd. kidney ; 
mtd. d. MiiUerian duct ; sph. 
spermatophores : <5. testis; u.gj. 
opening of urinogenital sinus ; v. 

vas deferens ; vs. ssm. vesi- 
cula seminali^. {A after Redeka.) 


form a chiasma. The pineal body {pn. b.) is a 
in a hollow stalk {pn. s.) which runs just outside 
the posterior wall of the tent-like choroid plexus. 
The pituitary body pty.) consists of intra- and 
extra-cranial portions, the former lodged in the 
sella turcica, the latter in the pit already noticed 
on the ventral'or’external face’ of the skull-floor 
(Fig. 183, pt.). In advanced embryos the two 
are united by a delicate strand of tissue. 

Urinogenital Organs. — The kidneys (Fig. 185, 
kd.) are lobed, deep-red bodies, like those of the 
Dog-fish, but shorter and stouter. In the male 
they are much longer than in the female; the 
anterior portion is massive, and consists mainly 
of a mass of true renal tubules ; it is indistinctly 
divided into segments : the posterior portion is 
narrower and also indistinctly segmented ; 
from both parts arise a number of ducts (meso- 
nephric ducts) the majority of which open into 
the vas deferens, while the last six open into the 
urinogenital sinus. In the female the ducts all 
open into a rounded median urinary bladder or 
urinary sinus, situated between the two oviducal 
apertures. The female reproductive organs are 
also constructed on the selachian pattern, and 
are chiefly noticeable for the immense size of the 
shell-glands and of the uteri. But the male 
organs present certain quite unique characters. 
The testes {ts.) are large ovoid bodies the tubules 
of which apparently do not contain fully- 
developed sperms, but only immature sperm- 
cells. These latter are probably passed through 
vasa efierentia into the vas deferens, which is 
coiled in a highly complicated manner to from 
a body of considerable size, commonly termed 
the epidid5miis, closely applied to the surface of 
the anterior part of the kidney. In this the 
sperms become aggregated into spermatophores in 
the form of snuJl ovoidal capsules surrotmded 
by a resistant membrane and full of a gelatinous 
substance in which bundles of sperms are im- 
bedded. The lower end of the vas deferens (v. dj.) 



224 


ZOOLOGY 


is dilated to form a large cylindrical vesicula seminalis (w. sem.) imperfectly 
divided into compartments by transverse partitions {B) and filled with a 
greenish jelly. The spermatophores (s^A.) are passed into these compartments 
and finally make their way through the central passage into the urinogenital 
sinus («. g. s.). The vestigial Mullerian ducts {mul. d.) are much more fully 
developed than in the Dog-fish : they are complete, though narrow, tubes 
opening in front by a large common aperture into the coelome, and behind 
connected with the urinogenital sinus. 

Development. — Internal fertilisation takes place, and the egg becomes 
surrounded, as in the Dog-fish, by a homy egg-shell secreted by the shell- 
glands. The egg-shell of Callorhynchus (Fig. i86) is of extraordinary size — 
about 25 cm. in length, or fully five-sixths as long as the abdominal cavity — 
and the elongated chamber for the embryo is surrounded by a broad, flat 
expansion covered on one side with yellow hair-like processes, and giving the 
shell a close resemblance, doubtless protective, to a piece of kelp. The early 
development resembles that of the Selachians ; but the yolk becomes divided 
into nucleated masses which divide into smaller segments, and the smallest 
break away and become dissolved in a milky nutrient liquid which fills the 
spaces of the shell : the advanced embryo has elongated gill-filaments {br. /.) 
projecting through the branchial aperture (and probably serving to absorb 
the nutriment derived from the yolk), a diphycercal tail, and a curiously lobed 
and nearly sessile yolk-sac (yk. s.). 

Fossil remains of Holocephali are known from the Lower Jurassic rocks 
upwards. As might be expected, they consist mostly of teeth and of dorsal 
fin-spines, but in some cases, and notably in Squaloraja, practically the whole 
of the skeleton is preserved. 

CLASS ACTINOPTERYGII. 

In this class are included all the commonest and most familiar fishes, such 
as the Cod, Sole, Herring, Eel, Salmon, etc., and, in addition, some of those 
fishes which used to be termed " Ganoids ” — ^viz. the Sturgeons, the Garpike 
{Lepidosteus) and the Bowfin {Amia). Polypterus and CalamoicMhys (or 
Erpetcdchthys), at one time placed with the Crossopterygii, are now also 
thought to be Actinopterygians. 

The Actinopterygii receive their name from the structure of the paired 
fins as seen in the more modem representatives of the group. Unlike the 
paired fins of the Chondrichthyes or the archipterygial ^s of certain other 
fishes which have cartilaginous or bony basal supports projecting outside the 
body-wall, the modem actinopterygian fin has these supports reduced almost 
to vanishing point, and the fin web lying outside the body-wall is supported 
by the fin rays alone. To this statement the Pol3q}terini and Chondrostei 



PHYLUM CHORDATA 


225 


(sturgeons) and some of the early Palaeoniscoids, being in a somewhat 
more primitive condition as regards their fin structure, must be regarded 
as exceptions. 

The structure of the scales, being ganoid as opposed to cosmoid (see 
p. 65), is an important diagnostic feature. The scales of most of the group, 
however, especially in the more recent forms, have gradually become modified 
by the loss of many elements, and may be reduced to thin homy structures, 
or, on occasions, may even be absent, and it is only from a knowledge of the 
ancestry that their essentially ganoid structure can be presumed. The endo- 
skeleton, at first cartilaginous, gradually becomes more and more ossified and 
more perfect mechanically. The tail, at first heterocercal, becomes semi- 
heterocercal, and finally homocercal or, more rarely, diphycercal. The in- 
vesting bones of the skull and jaws can be compared with those of the 
Choanichthyes, but show a certain amount of reduction in number and 
modification in shape. Of the anatomy of the soft parts, the earlier forms, 
to judge by what we can see in the persisting forms of the more primitive 
groups, such as the Sturgeons, Polypterini, Amia and Lepidosteus, there were 
present spiracles, abdominal pores, and a spiral valve in the intestine, struc- 
tures which the modem forms have lost. The gill stracture has changed 
from a condition near the laminar type to the fully filamentar (Fig. 68). In 
exchange for a valvular conus in the heart a large elastic bulbus arteriosus 
has been evolved, the conus becoming reduced to one or, at most, two rows 
of valves. There is a gradual alteration of the genital ducts towards the 
specialised type of the teleosts. The brain stracture is characteristic in the 
large corpora striata, cerebellum and medulla, presence of the valvula cerebelli, 
and in the absence of cerebral lobes. 

The class appears first in the Middle Devonian {Cheirolepis), and expanded 
into many lines, of which the majority became extinct, until finally the 
Teleosts alone remain, with the exception of the Sturgeons and a few others, 
to form the most numerous, most varied and most modem of all Uving fishes. 

Owing to a lack of continuity over large tracts of the geological record, 
the classification of the Actinopterygii, especially in its details, presents much 
difficulty. The earliest known forms are placed in a group, probably a complex 
one, termed the Palaeoniscoidei, of which the first examples are found in the 
Middle Devonian and which, after an expansion dmring the Carboniferous and 
Permian periods, subsequently contracted and became finally extinct in the 
early part of the Cretaceous. During the Triais, however, a number of lines 
evolved from the Palaeoniscoid stock, most of which also became extinct, 
althou^ three branches persisted, one to lead to the modem Sturgeons, one 
to the Polypterini and the other expanded into a large number of parallel 
lines,, collectively known as the Holostei. From this evolution during the 
Jurassic pmod arose the Teleostei, while two other, rather more primitive, 
vot. li. 0 
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lines still persist to the present day in Atnia and Lepidosteus. The Polypterini, 
represented by Polypierus and Calamoichthys from the fresh waters of Central 
Africa, are considered to be survivors of the old Palaeoniscoid stock (see 
below, p. 232). 

Owing to their more primitive fin structure, the Chondrostei and Polypterini 
are grouped with the Palaeoniscoids as the >Pal®opterygii, to distinguish them 
from later actinopterygians, whose fins are without basal supports outside the 
body-wall which are termed the Neopterygii. 

A condensed classification may therefore be written as follows : 

CLASS ACTINOPTERYGIL 
Sub-elass Palseopterygil 

Orders : Paleoniscoidei 
Chondrostei 
Polypterini (Cladistia) 

Sub-class Neopterygii 

Orders : Ginglymodi {Lepidosteus)\ 

Protospondyli {Atnia) IhOLOSTEI 
and many extinct Unes J 

. IsospoNDYLi (“ Soft-rayed fishes) ) 

Acanthopterygii (“ Spine-rayed fishes ”)j TELEOSTEI 

Sub-elass Palseopterygii. 

Order Paleoniscoidei. 

The Palaeoniscoidei may be supposed to have arisen from some ancestor 
common to themselves and the Choanichthyes. Palaeoniscoids, however, have 
some points of difference from the Osteolepids, Coelacanths and Dipnoi on the 
one hand, and others, perhaps less deep-seated, by which they can be 
distinguished from the later actinopterygians which have arisen from them. 

The main differences between these early actinopterygians and the 
crossopterygians can be seen by comparing two such forms as Pakeoniscus 
and OsteoUpis, when it will be seen that the former has large eyes with no 
more than four sclerotic plates, as against the large eyes and many sclerotic 
plates of the latter. In Pakeoniscus (Fig. 187) the maxilla has a wide post- 
orbital extension which runs far backwards, and which is firmly supported 
by a large preopercular, whi< 3 i functionally replaces the .squamosal of 
Osteolepis, and the cheek extends dorsally as far as the upper surface of the 
skull, and helps to obliterate the spiracular deft. In Osteolepis (Figs. 260, 261) 
the squamosal is a large bone, and the preopercular is very small, and the 
majdlla itsdf is smaller. The osteolepid skull is further diaracteiis^ by the 
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internal nostril, by the transverse meso-cranial joint and by peculiarities in 
the dentition (p. 285), all of which are entirely unrepresented in the 
actinopterygian skull. In the fins of palaeoniscoids, while some of them have 
a series of divergent radials which form a short, rounded lobe, there is no 
defined central axis, and they are in no way archipterygial. The structure of 
the scales is ganoid and not cosmoid (p. 65), and their arrangement on the 




Fig. 187A, B. — PalsBonisciu. Upper figure PalceoniBCOs macropomni from Nicholson and 
Lydekker. A, lateral, and B, dorsal, aspect of head. Ant. antorbital ; By. branchiostegals ; 
Clei. cleithrum ; J9. dentary ; D. Pt. dermo-pterotic ; D, Sph. dermo-sphenotic ; E, Sc. extra- 
scapulas ; Fr. frontal ; /. O. infra-orbitals ; Mx. maxilla ; Na. nostril ; Op. opercular ; PA . 
parietal ; P, op. pre-opercular ; P. o. post-orbital ; Pt. Ros. rostral ; S. O. supra-orbitals ; Sm6 . O. 
sub-orbitals; S, Clei. supra-cleithrum ; S. op. sub-opercular; S. Sc. supra-scapular. (After 
Westoll.) 

tail is characteristic, in that there is an apparent break of pattern in the lines 
of scales on the upper lobe of the tail which appear to run in a different 
direction from those on the body. There is only one dorsal fin, as against 
two in the osteolepid. 

The Palaeoniscids are essentially palaeozoic fishes which became replaced 
during the mesozoic period by offshoots which specialised in various directions 
from the older-fashioned stock that was then d3dng out. Of these o&hoots 
only a bare remnant has persisted in the four lines represented by the 
Sturgeons, Polypterus, Lepidosteus and Amia, There were, however, noany 
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Fr, Pt.Fr. S.Tem. 



C. 


Fig. x88. — Ohmiolepii tnilli* A, restoration by Traquair, from Smith Woodward ; B, dorsal, 
and C, ventral views of h^d. JfU, Orb, antorbital ; Clav, clavicle ; C/ei, cleithrum ; Fr, frontal ; 
Ju, jugal; Mx. maxilla; Op, opercular; P, Op, pre-opercular ; Pt, Fr. post-frontal ; P, Ros, /. 
//. pre-rostrals ; P, Mx, pre-maxilla; Par, paiietal; P, Tern, post-temporal; I, Tern, inter- 
temporal ; 5. Op, sub-opetcular ; 5. Cki, supra-cleithrum ; K* F. bones of uncertain homologjr* 
(After Watson.) 
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other families evolved during the late Palaeozoic and Mesozoic periods, all 
pursuing their own evolutionary lines, only to become extinct. All these may 
be placed in a rather loosely defined group, the Holostei, which camnot be 
cleairly defined from the earlier palaeoniscoids on the one hamd, nor their 
later representatives from the Teleosts on the other. It is largely a matter 
of vairious trends of evolution, but the Holostei show all of them a general 
trend which is quite separable from that of the Sturgeons (Chondrostei), in 
that there is no considerable loss of bone nor reduction of jaws. The fin 
structure and gradual loss of many primitive characters also differentiate 
them from Polypterus. The general trend of evolution away from their earlier 
palseoniscoid ancestors is shown by the forward movement of the point of 
suspension of the lower jaw and the greater freedom of movement of the 
maxilla so as to allow a wider gape. The fins become more definitely 



Fig. 189. — ^Birgeria gronlandica. (After Stensio.) 


actinopterygian, and the tail more and more homocercal. The whole skeleton 
becomes more mechanically efficient. 

The superfamily Palaeoniscoidei therefore, for the present, must be regarded 
as a collection of families of separate lines of evolution whose actual relations 
one to another is still uncertain. A review of known forms of the Devonian 
period shows that several lines had already become differentiated, and so 
diverse that it is not possible to select one as absolutely t3q)ical of the whole 
group. Cheirolepis (Fig. 188), although the earliest known species, was already 
specialised in several respects. The small scales are atypical in shape, the 
eyes ate unusually small, the skull has a very large posterior extension and 
its dorsal surface is flat instead of rounded. 

• The families that may be placed in this order are the Palaeoniscidae (e.g., 
Pakeoniscus (Fig. 187), Cheirolepis (Fig. 188), Birgeria (Fig. 189). Platysomidac, 
deep-bodied fishes {e.g., Cheirodus, Plaiysoims). Saurichthyiida, long-bodied 



230 


ZOOLOGY 


fishes (e.g., Saunchthys, Belonorhynchus). Catopteridae {e.g., Catopterus). 
Perleididse {e.g., HelicMhys (Fig. 190), PerUidus). 



A. 



Fig. 190. — Heliohthys elegans. A, restoration; B, head. Tab, tabular; P/. CM, post- 
cleithrum ; Man, lower jaw. Other letters as in Fig. i88. (After Brough.) 


Order Chondrostei. 

This order is represented at the present time by the Sturgeons — viz., 
Acipenser (Fig. 191), a genus of about twenty species living in the rivers of 
Europe, North America and Asia ; Scaphirhynchus, the “ Shovel-nosed 



Fig. 191. — ^Acipenser mthemis (Sturgeon), b, barbels ; c. /. caudal fin ; d. f, dorsal fin ; 
pcL f, pectoral fin ; pv, f. pelvic fin ; sc, scutes ; v, f, ventral fin. (After Cuvier.) 

sturgeon” of North America and Central Asia; Polyodon, the "Spoonbill 
sturgeon ” of the Mississippi and Psephurus, a primitive burgeon from China. 
The group as a whole shows a mixture of primitive and secondarily 
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degenerate characters. In the first category are such characters as the im- 
constricted notochord, the persistence of basi- and inter-dorsals and of basi- 
and inter-ventrals as separate elements in 
the vertebrae (Fig. 192), the retention of a 
clavicle in the shoulder-girdle, the primitive 
structure of the fins with their broad bases, 
the fulcral scales on the dorsal and caudal 
fin, the heterocercal tail, the spiracle and 
spiracular pseudobranch, the spiral valve 
and the arrangement of the urogenital organs. 

In the second category are certain characters 
which are more developed in the earlier 
than in the later forms, and which are 
therefore known to have become degenerate 
or lost, such as the reduction of the jaws 
owing to the suctorial method of feeding 
which has been acquired ; the loss of ganoine 
on the scales and head bones ; the reduction 
of the scales to a few rows on the sides of 
the body ; the irregularity and loss of some 
of the head bones and secondary multiplica- 
tion of centres on ossification of others. 

There is also a general loss of ossification in 
the whole skeleton. 

A Mesozoic species, Chondrosteus acipenseroides (Fig. 193), the earliest 



Fig. 192. — Pre-caudal vertebrae of 
Sturgeon, a. c, aortic canal formed by 
the union of ingrowths from the basi- 
and interventrals of opposite sides ; 
b, d. basidorsals; 6. v. basiventrals ; 
i. flf. interdorsals; i. v. interventrals; 
n. notochord ; n. c, neural canal ; n. sp, 
neural spine \nt. s. sheath of notochord ; 
P. parapophysis ; R. rib ; s. n. foramen 
for root of spinal nerve. (From the 
Cambridge Natural History.) 


PtFr ITfm S.Tem. Tab. 
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Fxg. 195. — OhondxotteuB acipemmides* Ant. Br. anterior branchiostegal ; Ant. Orb. antorbi- 
tal ; C. Hy. ceratohyal ; Clav. clavicles ; Clei. cleithnim ; Fr. frontal ; I. Tern, intertemporal ; 
Ju. jugal : Lac. lachr^al ; Mx. maxilla ; Op. opercular ; O. P. subopercular ; P. O. postorbital ; 
P. Tcm. post-temporal; Pt. Fr. post-frontm; S. Clei. supracleithrum ; S. Of>. suDopercular ; 
5. Tern, supratemporal ; Tab. tabular. (After Watson.) 
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known true stui^eon, is transitional in structure, and although degeneration 
has already set in, suggests a palseoniscid origin through some such form as 
Coccocephalus (Fig. 194). There is still, however, a lack of evidence as to 
the early ancestry of the group. 



Fig. 194. — Ooococepbalns wildL AtiI. Orb. antorbital; Clav. clavicle; CM. cleithrum; Ft. 
frontal ; Ju. jugal ; Mx. maxilla ; Op. opercular ; P. Op. pre-opercular ; Pt. Fr. post-frontal ; 
P. Ros. I. JJ. pre-rostrals; P. Af*. pre-maxilla ; Par. parietal; P. Tern, post-temporal; I. Tern. 
inter-temporal ; S. Op. sub-oi)ercular ; S. CM. supra-cleithrum ; X. Y. bones of uncertain 
homology. (After Watson.) 


Order Polypterini (Cladistia). 

At one time Polypterus (Fig. 195) and Calamoichthys, the only known 
members of the order, were classed as crossopterygians. There are, however, 
difficulties in accepting this view, and although, from a complete lack of any 
fossil evidence, their position is still somewhat obscure, the balance of evidence 
favours an origin from some palaeoniscid stock.^ The scales, for instance, are 



Fig. 195. — ^Polypteina Uchir. A, entire ani- 
mal ; B, ventral view of throat, an, anus ; br, m, 
branchiostegal membrane ; c. /. caudal fin ; d. f, 
dorsal finlets ; jug. pi, jugular plates ; na. nostril ; 
pet, f, pectoral fin ; pv. f, pelvic fin ; v, f, ventral 
fin. (After Cuvier.) 



ganoid in composition, the skull lacks the division into the orbito-ethmoidal 
and occipito-otic regions so characteristic of the erpssopterygian skull (p. 285). 
The position of the nostrils on the dorso-lataral surface of the snout is tjrjncally 
actinopterygian as is the anatomy of the soft parts such as a pyloric caecuni in the 

^ Goodrich, *' Polypterus a palaeoniscid ? ” Palaobiologica. 1928, Veil. I, p. 87. 
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gut and the teleostean-like character of the urogenital organs. The teeth are 
simple in structure, and are without the peculiar structure and method of replace- 
ment found in the Crossopterygii. The structure of the paired fin is peculiar, 
with its long posterior axis and preaxial radials (Fig. 247) and muscular lobe 
l3dng outside the body-wall. The resemblance to the fin of the Chondrichthyes 
is superficial; it is, however, quite unlike the archipterygial type of the 
Crossopterygii, and can perhaps best be interpreted as a modification of the 
actinopterygian pattern. 

On the other hand, the more primitive, or rather less modified, structure 
of the scales ; the fin structure just mentioned and various characters of the 
skull prevent any close association of these two fishes with other Actinopterygii 
and, for the present, they are best considered as representing a persistent 
line of palseoniscid afBnity. 

There are a few species of the genus Polypterus from the Congo and Upper 
Nile, and another, Calamoichthys calaharicus, a smaller and more elongated. 



Fig. 196. — Lepidosteus platystomos (Bony Pike), c. f. caudal fin ; d. f. dorsal fin ; fl. fulcra ; 

1. 1. lateral line ; pet. f. pectoral fin ; pv. /. pelvic fin ; v. f. ventral fin. (After Cuvier.) 

but otherwise very similar, form from Old Calabar. The most noticeable 
points are the rhomboid scales, the presence of a pair of gular plates between 
the rami of the lower jaws, the lobed pectoral fins, the abbreviate heterocercal 
tail and the division of the dorsal fin into a series of repeated finlets, each 
.supported by an anterior spine. 

SubHilass Neopterygii. 

Order Ginglymodi. 

The Gingl}miodi are a Holostean group ranging from the Upper Permian, 
and comprising as families the Semionotidae, Pycnodontidae and Lepidosteidae. 
This last faunily originated in the Eocene, and is represented at the present 
, day in the fresh waters of North and Centrad America by the sole living genus, 
Lepidosieus, the Gair-pikes. 

ITie group, as exemplified by Lepidosteus (Fig. 196), shows a number of 
primitive features, such as a long valvulair conus to the heart and a corres- 
ponding absence of a bulbus aurteriosus, a tail still hemi-heterocercad, an air 
bladder with cellulax walls, thick rhombic scales with a complete covering of 
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ganoine, fulcral scales have still been retained, and traces of a clavicle have 
been observed. On the other hand, the central jugal plate has been lost, and 
the spiracle is closed. The presence of pyloric cseca and the structure of the 
generative organs are teleostean features. There are also some specialised 
characters that appear to be peculiar to the genus, such as the reduced maxilla 



Fig. 197. — Dapedius politaa. (After Smith Woodward.) 


and its functional replacement by a number of tooth-bearing infra-orbital 
elements, the numerous small cheek plates and, above all, the opisthocoelous 
vertebrae as opposed to the much more common amphicoelous vertebrae of 
most actinopterygian fishes. 

There are several living species of Lepidosteus, of which L. tristoechus is 
said to attain a length of ten feet. 



Fig. 198. — ^Iiepidotns minor. (After Smith Woodward.) 


Of the extinct families under this grouping, the Semionotidae are fusiform 
fishes and the Pycnodontidae very deep and flattened from side to side. The 
most noticeable character common to both families is the way in which the 
jaw suspension has swung forwards as compared with the ancestral palaeoniscid 
condition. The strong complete ganoid scales are present, but the clavicle is 
becoming reduced or is absent. The vertebral coliunn is composed of hemi- 
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vertebrae and the notochord is unconstricted. Fulcra are present on the fins 
of the Semionotidae, but not of the Pycnodontidae. 

Semionotus, Dapedius (Fig. 197), Lepidotus (Fig. igS) and Acentrophorus 
are characteristic and well-known 
genera of the Semionotidae and 
Mesodon fFig. 199), and Pycnodus 
of the Pycnodontidae. 


Fig. 199- — Mesodon mactoptems. 
(After Smith Woodward.) 


This order is represented at ^ 

the present day by a sole living f 
species, Amia calva (Fig. 200), IrnKj \ 
the Bow-fin, from the fresh /ffiC /a-?' 
waters of the United States. /■- 
Like the Gar-pikes, Amia shows 

a mixture of primitive and ad- •14444^^^'^^® 

vancing characters. Of the former 
the lung is dorsal, but bilobed 
and cellular, so that a certain 

amount of 3,ir-br6a,thing is still (After Smith Woodward.) 

possible. A vestigial spiral valve 

is present in the intestine, and a small valvular conus in the heart, but 
this is accompanied at the same time by a considerable bulbus arteriosus. 

Q There is one large jugal plate be- 

tween the rami of the lower jaws 
^ and well-developed branchiostegal 

rays like the teleosts. Unlike the 
latter, there are no pyloric cseca, 
and the lower jaws still retain 
the full number of elements. Of 
progressive characters the scales 
p'Kf vjT ' 2iave become thin and cycloid, 

Fig. 200.— Amia calva (Bow-fin). the entire j haw Inct 

animal ; B, ventral view of throat, br. m, branchio- Have lost tne ganoine layer, 

stegal membrane; caudal fin; d, /. dorsal the fins have lost all fulcra, the 

(Af?CT cSke?.)' tail is practi^lly homocer^, the 

vertebra solid and amphicoelous 

(except in the tail region where separate basidorsals and ventrals still 

occur). 

Protospondyli are first found in the Triassic, and, beside the Amiidae, tlie 
other families, all extinct, are the Eugnathidae, Pachycormidae, Aspidorhyn- 
chidae and Pholidophoridae ; from this last family arose the Leptolepidae which 
may be considered as the ancestors of the teleosts. 






Fig. 200. — Amia calva (Bow-fin). A, the entire 
animal ; B, ventral view of throat, br, m, branchio- 
stegal membrane ; c, /. caudal fin ; d, /. dorsal 
j^g- Pl- jugular plate; pet, f. pectoral fin; 
pv, f, pelvic fin ; v, f, ventral fin. (After Giinther.) 
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Example of a Teleost Fish — The Brook 'I'rout (Salmo fario). 

The Brook Trout is conunon in the rivers and streams of Europe, and has 
been acclimatised in other parts of the world, notably in New Zealand. It 
varies greatly in size accor^ng to the abundance of food and the extent of 
the water in which it lives : it may attain sexual maturity, and therefore be 
looked upon as adult, at a length of 18-20 cm. (seven or eight inches), but in 
large lakes it may grow to nearly a metre in length. Other species of Salmo, 
such as the Salmon (S. salar), the Lake Trout (S. trutta), the American Brook 
Trout {Salvelinus fontalis), are common in the Northern Hemisphere and 
differ only in details from S. fario. 

External Characters. — The body (Fig. 201) is elongated, compressed, 
thickest in the middle, and tapering both to the head and tail. The mouth 
is terminal and very large ; the upper jaw is supported by two freely movable 
bones, the premaxiUa (Figs. 202, 206, pmx.) in firont and the maxilla (mx.) behind. 



Fig. 201. — Salmo fario. a.l. adipose lobe of pelvic fin ; an. anus ; c. f. caudal fin ; d. f. i, 
first dorsal fin ; d. f. 2 , second dorsal or adipose fin ; 1. 1. lateral line ; op. operculum ; pet. f. 
pectoral fin ; pv. f. pelvic fin ; v.f. ventral fin. (After Jardine.) 

both bearing sharp curved teeffi arranged in a single row. When the mouth 
is opened a row of palatine teeth is seen internal and parallel to those of the 
maxilla, and in the middle line of the roof of the mouth is a double row of 
vomerine teeth. The lower jaw (md.) is mainly supported by a bone called 
the dentary and bears a row of teeth : on the throat eadi ramus of the 
mandible is bounded mesially by a deep groove. The floor of the mouth is 
produced into a prominent tongue (/.) bearing a double row of teeth. In old 
males the apex of the lower jaw becomes curved upwards like a hook. 

The large ^es have no eyelids, but the flat cornea is covered by a trans- 
parent layer of skin. A short distance in front of the eye is the double nostril 
{nai, na2), each olfactory sac having two external apertures, the anterior one 
(naz) provided with a flap-like valve. There is no external indication of 
the ear. 

On each side of the posterior region of the head is the operculum (Fig. 
202, op.) or gill-cover, a large flap which, when raised, displays the gills; 
between it and the flank is the large a:escentic gill-opening, from which the 
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respiratory current makes its exit. The operculum is not a mere fold of skin, 
as in Holocephali, but is supported by three thin bones the outlines of which 
can be made out through the skin ; they are the opercular (Fig. 206, op.), sub- 
opercular (s. op.), and inter-opercular (i. op.) ; the last is attached to the angle 
of the mandible. The pre-opercular \p. op.) is not an opercular support but 
is one of the cheek bones following the outline of the hyomandibular. The 
ventral portion of the operculum is produced into a thin membranous 
extension, the branchiostegal membrane {br. m.), supported by twelve flat, over- 
lapping bones, the branchiostegal rays. The narrow area on the ventral surface 
of the throat which separates the two gill-openings from one another is called 
the isthmus. The gills, seen by lift- 
ing up the operculum, are four red 
comb-like organs, each having a 
double row of free gill-filaments; 
alternating with the giUs are the five 
vertically elongated gill-slits, opening 
into the mouth. 

The Trout breathes by the draw- 
ing in of water through the mouth 
and its passage outwards through 
the gill-slits. The inspiration or 
inward movement of the water is 
effected by the operctfla being moved 
outwards, the space internal to them 
thus being widened, and water flow- 
ing in through the open mouth to 
fill the vacuum, the branchiostegal membrane at the same time closing 
the gill-opening and thus preventing the water from flowing in from 
behind. Expiration is brought about by the opercula moving inwards and 
forcing the water out. Owing to the action of a pair of transversely directed 
membranous folds, the respiratory valves, one attached to the roof, the other 
to the floor of the mouth, which are so directed as to become expanded and 
block the passage when water presses on them from behind, the water is 
compelled to make its exit through the gill-slits. 

On the ventral surface of the body, at about two-thirds of the distance 
from the snout to the end of the tail, is the anus (Fig. 201, an.) ; behind it is 
the urinogenital aperture, of almost equal size and leading into the urinogenital 
sinus, into which both urinary and genital products are dischai|;ed. 

The region from the snout to the posterior edge of the operculum is coimted 
as the head ; the trunk extends from the operculum to the anus ; the post- 
anal region is the tail. 

There are two dorsal fins : the anterior dorsal (Fig. 201, d. f. i) is large 



Fig. 202. — Head of female Salmo fario. br. 
m, branchiostegal membrane ; i. op, inter- 
opercular ; mnd, mandible ; mx. maxilla ; na, j, 
anterior, and na. 2, posterior external nostril : 
op, opercular ; pet, f. pectoral fin ; pmx. pre- 
maxifla; p, op. preopercular ; s. op. suboper- 
cular; t, tongue. 
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and triangular, and is supported by thirteen bony fin-rays ; the posterior 
dorsal {d. /. 2 ) is small and thick, and is devoid of bony supports: it is 
distinguished as an adipose fin. The caudal fin (c. /.) is the chief organ of 
locomotion ; it differs markedly from that of most Chondrichthyes in being, 
as far as its external appearance is concerned, quite S3nnmetrical, being 
supported by fin-rays which radiate regularly from the rounded end of the 
tail proper; such outwardly symmetrical tail-fins are called homocercaL 
There is a single large ventral fin {v, /.) supported by eleven rays. The 
pectoral fin {pci. /.) has fourteen rays and is situated, in the normal position, 
close behind the gill-opening, but the pelvic fin {pv. /.) has shifted its position 
and lies some distance in front of the vent : it is supported by ten rays, and 
has a small process or adipose lobe {a. L) springing from 
its outer edge near the base. 

The body is covered by a soft, slimy skin through 
which, in the trunk and tail, the outlines of the scales can 
be seen ; on the head and fins the skin is smooth and 
devoid of scales. A well-marked lateral line (/. 1.) extends 
along each side from head to tail, and is continued into 
branching lines on the head. The skin is grey above, 
shading into yellowish below, and is covered with minute 
black pigment-spots which, on the sides and back, are 
aggregated to form round spots two or three millimetres 
in diameter. In young specimens orange-coloured spots 
are also present. 

Skin and Exoskeleton. — The epidermis contains unicellu- 
lar glands, from which the mucus covering the body is secreted, and pigment- 
cells, to which the colours of the animal are due. The scales (Fig. 203) are lodged 
in pouches of the dermis and have the form of flat, nearly circular plates of bone 
but marked with concentric lines which represent the annual growth stages, 
having no Haversian canals, lacunae, or canaliculi. They have an imbricating 
arrangement, overlapping one another from before backwards, like the tiles 
of a house, in such a way that a small three-sided portion (b) of each scale 
comes to lie immediately beneath the epidermis, while the rest (a) is hidden 
beneath the scales immediately anterior to it. Besides the scales, the fin-rays 
belong to the exoskeleton, but will be most conveniently considered in 
connection with the endoskeleton. 

Endoskeleton. — The vertebral column shows a great advance on that of the 
two previous classes in being thoroughly differentiated into distinct bony 
vertebrce. It is divisible into an anterior or trunk region and a posterior or 
caudal region, each containing about twenty-eight vertebrae. 

A typical trunk vertebra consists of a dice-box-shaped centrum (Fig. 204, 
CN) with deeply concave anterior and posterior faces, and perforated in the 



Fig. 203. — Scale 
of Salmo fwo. a. 
anterior portion 
covered by overlap of 
preceding scales ; b. 
free portion covered 
only by pigmented 
epidermis. 
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centre by a small hole. The edges of the centra are united by ligament and 
the biconvex spaces between them are filled by the remains of the notochord ; 
there are also articulations between the arches by means of little bony pro- 
cesses, the zygapophyses (N, ZY6., H. ZYG.). To the dorsal surface of the 
centrum is attached, by ligaments in the anterior vertebrae, by ankylosis or 
actuad bony union in the posterior, a low neural arch (N. A.), which consists 
in the anterior vertebrae of distinct right and left moieties, and is continued 
above into a long, slender, double neural spine (N. SP.). directed upwairds and 
backwards. To the ventro-lateral region of 
the vertebra are attached by ligament a pair 
of long, slender pleural ribs (R.) with dilated 
heads, which curve downwards and backwards 
between the muscles and the peritoneum, thus 
encircling the abdominal cavity. In the first 
two vertebrae they are attached directly to 
the centrum, in the rest to short downwardly 
directed bones, the parapophyses (PA. PH.), 
immovably articulated by broad surfaces to 
the centrum. At the junction of the neural 
arch with the centrum are attached, also by 
fibrous union, a pair of delicate intermuscular 
bones (I. M. B.), which extend outwards and 
backwards in the fibrous septa between the 
myomeres. The first and second abdominal 
vertebrae bear no ribs. In the last three the 
neural spines (B, N. SP.) are single. 

In the caudal vertebrae the outgrowths 
corresponding to the parapophyses are fused 
with the centrum and unite in the middle 
ventral line, forming a hcomal aurch (C, H. A.), 
through which the caudad artery and vein 
run. In the first six caudals each haemal 
arch bears a paiir of ribs (R.) ; in the rest the arch is produced downwards 
amd backwards into a hcemal spine (£>, H. SP.). 

The centra ais well as the arches of the vertebrae are formed entirely from 
the skeletogenous layer, and not from the sheath of the notochord as in 
Elasmobranchs (see pp. 70 and 179). 

The posterior end of the caudal region is curiously modified for the support 
of the tail-fin. The hindmost centra (Fig. 205, CN.) have their axes not 
horizontal, but deflected upwau’ds, amd following the latst undoubted centrum 
is a roddike structure, the ufostyU (USX.), consisting of the paurtly ossified end 
of the notochord, which has thus precisely the same upward flexure ais in the 



Fig. 204. — Salmo faiio. A, one 
of the anterior, and B, one of the 
posterior trunk vertebrae ; C, one of 
the anterior, and D, one of the pos- 
terior caudal vertebrae. ON. cen- 
trum ; IMB* intermuscular bone ; 
HA. haemal arch; H. SP. haemal 
spine ; H. ZYG. haemal zygapo- 
physis; N. A. neural arch; H. SP. 
neural spine ; N. ZYG. neural 
zygapophysis ; PA. PH. parapo- 
physis ; R. pleural rib. 
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Dogfish. The neural and hsetnal spines (N. SP., H. SP.) of the last five 
vertebrae are very broad and closely connected with one another, and are 
more numerous than the centra ; and three or four haemal arches are attached 
to the urostyle. In this way a firm vertical plate of bone is formed, to the 
edge of which the caudal fin-rays (D.F.R.) are attached fanwise in a S3m- 
metrical manner. It will be obvious, however, that this homocercal tail-fin 
is really quite as unsymmetrical as the heterocercal fin of the Dogfish, since, 
its morphological axis being constituted by the notochord, nearly the whole 
of its rays are, in strictness, ventral. 

The skuU (Fig. 206) is an extremely complex structure, composed of 
mingled bone and cartilage. The cartilage has no superficial mosaic of lime- 
salts such as we find in many Chondrichthyes, but certain portions of it are 

replaced by bones, and there are in 
addition numerous investing bones de- 
. veloped in the surrounding connective- 

tissue. As in the Dogfish, the skull 
divided into cranium, upper 
lower jaws, with their suspensory 
apparatus, and hyoid and branchial 
arches. 

The cranium (Fig. 207) is a some- 

Fig. 205.-Salmo la^. caudal end of wedge-shaped structure, its a,pex 

vertebral column. CN. centrum ; Lf, F. R. being directed forwards. At first sight 

^'.“neui^ the distinction between replacing and 
spine: M. 2TO. neural sygapophysis; TOT. investing bones is not obvious, but 
urostyle. after maceration or boiling certain flat 

bones (the paired parietals, PA., frontals, FR., and nasals, NA., and the 
unpmred supra-ethmoid, 5 . ETH.) can be easily removed from the dorsal 
surface ; and two unpaired bones (the parasphenoid, PA , SPH., and vomer, 
VO.) from the ventral surface. These are all investing bones : they are 
rfmply attached to the cranium by fibrous tissue, and can readily be prised 
off when the latter is sufficiently softened by maceration or boiling. We thus 
get a distinction between the cranium as a whole, or secondary cranium, 
complicated by the presence of investing bones, and the primary cranium, 
neurocranium or chondrocranium, left by the removal of these bones and 
corresponding exactly with the cranium of a Dogfish. 

The primary cranium contains the same regions as that of S<yliorhinus. 
Posteriorly is the occipital region, surrounding the foramen magnum, presenting 
below that aperture a single concave occipital condyle for the first vertebra, 
arid produced above into an occipital crest. The auditory capsules project 
outwards fix>m the occipital region, and between them on the (hnrsal Surface 
of the skuifl are paired oval fowtaneUes {fon.) closed in the entire skull by ihe 


Fig. 205. — Salmo tario* caudal end of 
vertebral column. CN. centrum ; D. F» R. 
dermal fin-rays ; H. SP. b^emal ^ine ; H. 
S5Y0. haemal zygapophysis ; "N. SP. neural 
spine ; K. ZPO. neural 'zygapophysis ; UST. 
urostyle. 
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frontal bones. The posterior region of the cranial floor is produced downwards 
into paired longitudinal ridges, enclosing between them a groove which is 
converted into a canal by the apposition of the parasphenoid bone and serves 
for the origin of the eye-muscles. In front of the auditory region the cranium 
is excavated on each side by a large orbit, a vertical plate or inter-orbital 
septum (OR, SPH.) separating the two cavities from one another. In front of 
the orbital region the cranium broadens out to form the olfactory capsules. 



Fig. 206. — Salmo, the entire skull, from the left side. art. articular ; hranchiost. branchiostegal 
rays ; dent, dentary ; epiot. epiotic ; eth. supraethmoid ; fr. frontal ; hyom. hyomandibular ; intop. 
interoperculay ; Jug. supra-maxillary ; mpt. mesopterygoid ; mtpt. metapterygoid ; mx. maxilla ; 
nas. nasal ; o. circumorbitals ; op. opercular ; pal. p^tine ; par, parietal ; pmx. premaxilla ; 
praop. preopercular ; pt. pterygoid ; pier, pterotic ; Quad, quadrate ; socc. supraoccipital ; sphot. 
sphenotic; suhop. subopercular ; sympl. symplectic; Zunge, basihyal. (From Wiedersheim's 
Vertebrdta.) 

each excavated by a deep pit {plf. s..) for the olfactory sac, and anterior to 
these is a blimt snout or rostrum. The occipital region is formed as usual 
from the parachordals of the embryonic skull, the auditory region from the 
auditory capsules, and the rest of the cranium from the trabeculae. 

The replacing bones, formed as ossifications in the chondrocranium, corre- 
spond in essentials •with the t3^ical arrangement already described (pp. 70-76). 
In the occipital region are four bones; the basi-occipiial (B, OC.), forming 
the greatCT part of -the occipital condyle -and the hinder region of the basis 
cranii or skuU-fioor ; . the ex-oecipitals (EX. OC.), placed one on each side of 
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the foramen magnum and meeting both above and below it ; and the supra- 
occipiial (S. OC.), forming the occipital crest already noticed. Each auditory 
capsule is ossified by five bones — i.e., two more than the typical number 
(p. 75) : the pro-otic (PR. OT.), in the anterior region of the capsule, uniting with 
its fellow of the opposite side in the floor of the brain-case, just in front of 
the basi-ocdpital ; the opisthotic, in the posterior part of the capsule, external 
to the ex-occipital ; the sphenotic (SPH. OT.), above the pro-otic and forming 
pkrt of the boundary of the orbit ; the pterotic (PT. OT.), above the ex-occipital 
and opisthotic, forming a distinct lateral ridge and produced behind into a 
prominent pterotic process', and the epiotic (EP. OT.), a small bone, wedged 
in between the supra- and ex-occipitals and pterotic, and produced into a 
short epiotic process. On the external face of the auditory capsule, at the 
jrmction of the pro-, sphen-, and pter-otics, is an elongated facet (A.w.) 
covered with cartilage and serving for the articulation of the hyomandibular. 

The trabecular region of the cranium contains six bones. Immediately in 
front of the conjoined pro-otics, and forming the anterior end of the basis 
cranii, is a small unpaired Y-shaped bone, the basisphenoii (B. SPH.). Above 
it, and forming the anterior parts of the side-walls of the brain-case, are the 
large paired alisphenoids (AL. SPH.). In the inter-orbital septum is a median 
vertical bone, representing fused orbitosphenoids (OR. SPH.). Lastly, in the 
posterior region of each olfactory capsule, and forming part of the boundary 
of the orbit, is the ecto-ethmoid (EC. ETH.). 

The investing bones already referred to are closely applied to the roof and 
floor of the chondrocranium, and modify its form considerably by projecting 
beyond the cartilaginous part, and concealing apertures and cavities. The 
great frontals (FR.) cover the greater part of the roof of the sktiU, concealing 
the fontanelles, and furnishing roofs to the orbits. Immediately behind the 
frontals is a pair of very small parietals {PA.) ; in front of them is an unpaired 
supra-ethmoid {S. ETH.), to the sides of which are attached a pair of small 
nasals (NA.). On the ventrcd surface is the large parasphenoid {PA. SPH.), 
which forms a kind of clamp to the whole cartilaginous skull-floor; and in 
front of and below the parasphenoid is the toothed vomer {VO.). Encircling 
the orbit is a ring of scale-like bones, the circum-orbitals (Fig, 206, 0 .). 

In the jaws, as in the cranium, we may distinguish between primary and 
secondary structures. The primary upper jaw or palatoquadrate is homologous 
with the upper jaw of the Dogfish, but instead of remaining cartilaginous, it 
is ossified by five replacing bones : the toothed palatine (PAL.) in front, 
articulating with the olfactory capsule; then the pterygoid (PTC.) on the 
ventral, and the mesopterygoid (MS. PT6.) on the dorsal edge of the original 
cartilaginous bar; the quadrate (Q0.) at the posterior end of the latter, 
furnishing a convex condyle for the articulation of the lower jaw; and pro- 
jecting upwards from the quadrate the metapterygoid (HT. PTG.), llrese bemes 
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do not, however, enter into the gape, and do not therefore constitute the 
actual upper jaw of the adult fish : external to them are two large investing 
bones, the prermxiUa {PMX.) and the maxilla {MX.), which together form 
the actual or secondary upper jaw : they both bear teeth. A small scale-like 
bone, iYie jugal {JU.), is attached to the posterior end of the maxilla. 

The lower jaw is similarly modified. Articulating with the quadrate is a 
large bone, the articular (ART.), continued forwards by a narrow pointed rod 
of cartilage : the latter is the unossified distal end of the primary, lower jaw 
or Meckel’s cartilage ; the articular is its ossified proximal end, and therefore 
a replacing bone. Ensheathing Meckel's cartilage and forming the main part 
of the secondary lower jaw is a large toothed investing bone, the dentary 
(DNT.), and a small investing bone, the angular (ANG.), is attached to the 
lower and hinder end of the articular. 

The connection of the upper jaw with the cranium is effected partly by 
the articulation of the palatine with the olfactory region, partly by means of 
a suspensorium formed of two bones separated by a cartilaginous interval : 
the larger, usually called the hyomandibular (HY. M.), articulates with the 
auditory capsule by the facet already noticed, and the small, pointed symplectic 
(SYM.) fits into a groove in the quadrate. Both bones are attached by fibrous 
tissue to the quadrate and metapterygoid, and in this way the suspensorium 
and palatoquadrate together form an inverted arch, freely articulated in front 
with the olfactory and behind with the auditory capsule, and thus giving rise 
to an extremely mobile upper jaw. As its name implies, the hyomandibular 
(together with the symplectic) is commonly held to be the upper end of the 
hyoid arch and the homologue of the hyomandibular of the Chondrichthyes, 
but there is some reason for thinking that it really belongs to the mandibular 
arch, and corresponds with the dorsal and posterior part of the triangular 
palatoquadrate of Holocephali : a perforation in the latter would convert it 
into an inverted arch having the same general relations as the upper jaw plus 
suspensorium of the Trout, but fused, instead of articulated, with the cranium 
at either extremity. 

The hyoid cornu is articulated to the cartilaginous interval between the 
hyomandibular and symplectic through the intermediation of a small rod-like 
bone, the interhyal (I. HY.), which is an ossification in a ligament. It is 
ossified by three bones : an epihyal (E. HY.) above, then a large ceratohyal 
(C. HY.), and below a small double hypdhyal (H. HY.). The right and left 
hyoid bars are connected by a keystone-piece, the unpaired, toothed basihyal 
(B. HY.), which supports the tongue. 

Connected with the hyomandibular and hyoid cornu are certain investing 
bones serving for the support of the operculum. The opercular (Fig. 206, op.) 
is articulated with a backward process of the hyomandibular ; the sub-opercular 
{stibop.) is -below and internal to the opercular ; and the inter-opercidar {intop.) 
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fits between the lower portions of the three preceding bones, and is attached 
by ligament to the angle of the mandible. The twelve sabre-shaped 'branchio- 
stegal rays (branchiost.) are attached along the posterior border of the epi- and 
cerato-hyal, and below the basi-hyal is an unpaired bone, the basibranchiostegal 
or urohyal. 

There are five branchial arches, diminishing in size from before backwards 



Fig. 207. — Salmo fario. Disarticulated skull with many of the investing bones removed. 
The cartilaginous parts are dotted, fon, fontanelle ; h. m, articular facet for hyomandibular ; 
Mck. C. Meckel's cartilage; olL s. hollow for olfactory sac. Replacing bones — AL. SPH. ali- 
sphenoid ; ART. articular ; B. BB. r, first basibranchial ; B. HY. basihyal ; B. OC. basioccipital ; 
BR. 5t fifth branchial arch ; B. SPH. basi^henoid ; C. BB. J, first ceratobranchial ; C. HY. 
ceratphyal ; EC. ETH. ecto-ethmoid ; E. BR. J* first epibranchial ; E. HY. epi>hyal ; EP« OT. 
epiotic ; EX. OC. ex-occipital ; H. BR. J, first hypobranchial ; H. HY. hypohyal ; HY. EL hyo- 
mandibular ; L HY. interhyal ; MS. PTG. mesopterygoid ; MT. PTG. metapterygoid ; OR. SPH. 
orbitosphenoid ; PAL. palatine ; P. BB. r, first pharyngobranchial ; PTG. pterygoid ; PT. OT. 
petrotic ; QU. quadrate ; S. OC. supraoccipital ; SPH. OT. sphenotic ; SYM. symplectic. Investing 
bones — ANG. angular; DNT. dentary; FR. frontal; JU, jugal; MX, maxilla; NA, nasal; 
PA, SPH, parasphenoid ; PMX, premaxilla ; VO, vomer. 

(Fig. 207). The first three present the same segments as in the Dogfish : 
pharyngobranchial (PH. BR.) above, then epibranchial (E. BR.), then a large 
ceratobranchial (C. BR.), and a small hypobranchial (H. BR.) below. The right 
and left h}rpobranchikls of each arch are cormected by an unpaired basibranchial 
(B. BR.). All these segments are ossified by replacing bones, and the basi- 
branchials are connected with one another and with the basihyal by cartilage, 
so as to form a median ventral bar in the floor of the pharynx. In the fourth 
arch the pharyngobranchial is unossified, and the hypobranchial absent, and 



PHYLUM CHORDATA 


245 


the fifth arch (BR, 5) is reduced to a single bone on each side. Small spine- 
like ossifications are attached in a single or double row along the inner aspect 
of each of the first four arches : ^ese are the gill-rakers ; they serve as a sieve 
to prevent the escape of food by the gill-slits. 

The comparison of this singularly complex skull with the comparatively 
simple one of the Dogfish is much facilitated by the examination of the skull 
of a young Trout or Salmon. In the latter, at about the second week after 
hatching, the only ossifications present are a few investing bones ; when these 
are removed we get a purely cartilaginous skull (Fig. 208), exactly comparable 


S.Or 



Fig. 408. — Skull of young Salmon, second week 
after hatching; the investing bones removed. Au. 
auditory capsule; Br, i, first branchial arch; Ch. 
notochord ; C. Hy. hyoid cornu ; Fo, fontanelle ; 
G. Hy. basihyal ; ff. Hy. hypohyal ; H, M. hyo- 
mandibular ; r. Hy, interhyal ; labial carti- 

lages ; Mck, Meckel's cartilage ; M. Pt. metapterygoid 
region of primary upper jaw; Pa, ch, parachordal; 
PI. Pt. palatopterygoid region ; Qu. quadrate region ; 
S.Or. supraorbital region of cranium ; Sy. symplectic 
region of suspensorium ; T. Cr, crani^ roof ; Tr, 
trabecula; II, optic foramen; V, trigeminal fora- 
men. (From Parker and Bettany's Morphology of the 
Skull.) 
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Fig. 209. — Salmo 
fario. A dermal fin-ray 
with its supports. 
D.F.R. dermal fin-ray ; 
PTO. J, proximal ptery- 
giophore (interspinous 
boqe) ; PTG, 2. middle 
pterygiophore ; ptg. 3, 
distal pterygiophore 
(cartillaginous.) 


with that of a Shark or Ray. There is a cranium devoid of replacing bones 
and divisible only into regions ; the upper jaw is an unossified p^atoquadrate 
{PI. Pt., M. PL, Qu.) and the lower jaw {Mck.) a large Meckel’s cartilage ,* the 
suspensorium is an undivided hyomandibular {HM.), and the hyoid and 
branchial arches are unsegmented. 

The first dorsal and the ventral fins are supported each by a triple set of 
pterygiophores, so that the fin-skeleton is multiserial, as in the Dogfish. The 
proximal series consists of slender bony rays — ^the interspinous bones 
(Fig. zdg, PTG. J), lying in the median plane, between the muscles of 
the right and left sides, and more numerous than the myomeres of the regions 
in which they occur. Their distal ends are broadened, and with them are 
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connected the second series (PTG* 2) in the form of small dice-box-shaped 
bones; to these, finally, are attached small nodules of cartilage {pig, 3) 
forming the third series of radials. The dermal fin-rays or lepidotrichia 
(D.F.i?.), which lie in the substance of the fin itself, are slender bones, jointed 
like the antennae of an Arthropod, and mostly branched in the sagittal plane 
(Fig. 209, D.F.R.). Each is formed of distinct right and left pieces (Fig. 209), 
in close contact for the most part, but diverging below to form a forked and 
dilated end, which fits over one of the cartilaginous nodules {ptg. j). In the 
caudal fin (Fig. 205) the dermal rays {D.F.R.) are similarly seated on the 



Fig. 210. — Salmo fario. Left half of shoulder-girdle 
and pectoral fin, from the inner surface. C,L, « cleith- 
nim; COR. coracoid; D.F,R, dermal fin-rays; MS. 
COB. mesocoracoid ; P.C.L,, P.C.L.^, post-clavicles ; 
PTG. J, proximal, and ptg, 2, distal pterygiophores ; 
P,T,M, post-temporal; S,C.L, supraclavicle ; SCP. 
scapula. 



Fig. 211.— Salmo 
fario. Skeleton of left 
pelvic fin, dorsal aspect. 
B. PTG. basipteryi- 
gium ; D. F. R, dermal 
fin-rays ; PTG. distal 
pterygiophores. 


broad haemal arches of the posterior caudal vertebrae. The second dorsal or 
adipose fin has, as already noticed, no bony support. 

The shoulder-girdle (Fig. 210), like the skull, consists of a primary shoulder- 
girdle, homologous with that of a Dogfish, and of several investing bones. 
The primary shoulder-girdle in the young fish is formed of distinct right and 
left Ws of cartilage, which do not unite with one another ventrally. In the 
adult each bar is ossified by three bones, a scapula (SCP.)> situated dorsally 
to the glenoid facets, and developed partly as a replacing, partly as an 
investing bone ; a coracoid (COH.), situated ventrally to the glenoid facet, 
and a meso-coracoid (MS. COR.), situated above the coracoid and anterior to 
the scapula. Externally to these is found a very large investing bone, the 
cleiihrum (Cl.), extending downwards under the throat : its dorsal end is 
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connected by means of a supra-clavicle (S. CL.) to a forked bone, the post- 
temporal (P.T.M.), one branch of which articulates with the epiotic, the 
other with the pterotic process. To the inner surface of the cleithrum are 
attached two flat scales of bone {P. CL'.), with a slender rod-like post-clavicle 
(P. CL.) passing backwards and downwards among the muscles. 

The structure of the pectoral fin is very simple. Articulated to the 
posterior border of the scapula and coracoid are four dice-box-shaped bones, 
the proximal pterygiophores or radials (PTC. J), followed by a row of small 
nodules of cartilage (ptg. 2) representing distal pterygiophores. The main 
body of the fin is supported by dermal fin-rays, which resemble those of the 
median fins, and have their forked ends seated upon the distal pterygiophores : 
the first ray, however, is larger than the rest, and articulates directly with 
the scapula. 

There is no pelvic girdle, its place being taken by a large, flat triangular 
bone, the hasipterygium (Fig. 211, B. PTG.). probably representing fused 
proximal pterygiophores : to its posterior border are attached three partly 
ossified nodules, the distal pterygiophores (PTG.), and with these the dermal 
fin-rays are articulated. The adipose lobe of the pelvic fin is supported by 
a small scale-like bope. 

The muscles of the trunk and tail are arranged, as in the Dogfish, in 
zigzag myomeres ; there are small muscles for the fins, and the head has a 
complex musculature for the movement of the jaws, hyoid, operculum, and 
branchial arches. 

The coelome is divisible into a large abdomen (Fig. 212) containing the 
chief viscera, and a small pericardial cavity, situated below the branchial 
arches, and containing the heart. 

Digestive Organs. — The mouth (Figs. 206 and 212) is very large and has 
numerous small, recurved, conical teeth, borne, as already mentioned, on the 
premaxillae, maxillae, palatines, vomer, dentaries and basihyal. They ob- 
viously serve merely to prevent the escape of the slippery animals used as 
food and are of no use for either rending or chewing. The pharynx {ph.) is 
perforated on each side by four vertically elongated gill-slits, fringed by the 
bony tooth-like gill-rakers. Each gill-slit is V-shaped, the epihyal being bent 
upon the ceratohyal so that the dorsal and ventral moieties of the branchial 
arches touch one another when the mouth is closed. 

The phar3mx leads by a short gullet (gul.) into a U-shaped stomach {st.) 
consisting of a wide cardiac and a narrow pyloric division : between the 
latter and the intestine is a ring-shaped pyloric valve. The intestine passes 
at first forwards as the duodenum {du.), then becomes bent upon itself {int.) 
and passes backwards, without convolution, to the anus {an.). Its posterior 
portion has the mucous membrane raised into prominent annular ridges 
which simulate a spiral valve. 
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The liver (Ir.) is imperfectly divided into right and left lobes, and there 
is a large gall-bladder (g. bl.). Opening into the duodenum are about forty 
blind glandular tubes, the pyhric cesca (py. c.). There is a large spleen {spl.) 
attached by peritoneum to the fundus of the stomach. The stomach, 
duodenum, and pyloric c®ca are surrounded by loose folds of peritoneum 
loaded with fat. 

L3dng below the kidneys and extending the whole length of the abdominal 
cavity is the air-bladder {a. hi.), a thin-walled sac serving as an organ of 
flotation. Anteriorly its ventral wall presents a small aperture leading, by 
a short pneumatic duct [pn. d.), into the oesophagus on the dorsal side 
somewhat to the right of the middle line. 

Respiratory Organs. — ^There are four pairs of gills each with a double row 
of branchial filaments, united proximally but having their distal ends free : 
interbranchial septa are practically obsolete (see Fig. 68). The gills are 
borne on the first four branchial arches, the fifth arch bearing no gill. On 
the inner surface of the operculum is a comb-like body, the pseudo-branchia, 
formed of a single row of branchial filaments, and representing the vestigial 
gill (hemibranch) of the hyoid arch. 

Circulatory Organs. — The heart (Fig. 212) consists of sinus venosus, atrium 
(au.), and ventricle [v.). There is no conus arteriosus, but the proximal 
end of the ventral aorta is dilated to form a bulbus arteriosus {b. a.), a structure 
which differs from a conus in being part of the aorta, and not of the heart ; its 
walls do not contain striped muscle, and are not rhythmically contractile. 

In accordance with the atrophy of the hyoid gill there is no afferent 
branchial artery to that arch, but a hyoidean artery springs from the ventral 
end of the first efferent branchial and passes to the pseudobranch. The 
right branch of the caudal vein is continued directly into the corresponding 
cardinal, the left breaks up in the kidney, forming a renal-portal system. 
There are no lateral veins, but the blood from the paired fins is returned 
to the cardinals. The red blood-corpuscles are, as in other fishes, oval 
nucleated discs. 

Nervous System. — ^The brain (Fig. 213) is very different from that of 
Chondrichthyes, and is in many respects of a distinctly more specialised type. 
The cerebellum {H.H.) is very large, and bent upon itself. The optic lobes 
{M.H.) are also of great size, and on the ventral surface are large bean-shaped 
lobi inferiores {U.L.). The diencephahn is much reduced, and, indeed, is 
indicated dorsally only as the place of origin of the pineal body (G. p .) : 
ventrally it is produced into the lobi inferiores with the infundibulum between 
them giving attachment to the pituitary body {Hyp.). Hence, seen from 
above, the small undivided prosencephalon {V.H.) comes immediately in front 
of the mid-brain : it has a non-nervous roof {PaU.) and its floor is raised into 
prominent corpora striata (J 5 G., Bas. G.). The olfactory bulbs, situated in 
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close apposition with the prosencephalon without intervening olfactory 
peduncles or olfactory tracts such as are present in Scyliorhinus {L.ol.), are 
nearly as large as the corpora striata, and each contains a small cavity or 


A 



Fig. 213. — Salmo fario. Dorsal {A), ventral (B), and lateral (C) views of brain. BG,, Bas, 
G, coipora striata; ch, crossing of optic nerves; G. p, pineal bod^; HH, cerebellum; Hyp, 
pituitary body ; Inf, infundibulum ; L, oL olfectory bulbs ; Med, spmal' cord ; MH, optic lobes ; 
NH, medulla oblongata; Pall, non-nervous roof of prosencephalon; Sv, saccus vasculosus; 
Tr, Opt, optic tracts ; UL, lobi inferiores ; VH, prosencephalon ; I — X, cerebral nerves ; XII, i, 
first ^inal (h3rpoglossal) nerve ; 2, second spinal nerve. (From Wiedersheim's Vertehrata,) 

rhinoccele in communication with the undivided prosocoele. Three transverse 
bands of fibres connect the right and left halves of the fore-brain, an anUrior 
commissure joining the corpora striata, a posterior commissure situated just 
behind the origin of the pineal body, and an inferior commissure in fironi of the 
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infundibulum. The pineal body {G.p.) is rounded and placed at the end of a 
hollow stalk : a shorter offshoot of the roof of the diencephalon may perhaps 
represent a rudimentary pineal eye. Behind the pituitary body is a saccus 
vasculosus (s. v.). The anterior part of the cerebellum does not bulge outwards 
in the way it does in the Dogfish ; instead it pushes forwards under the roof 
of the mesencephalon to form the valvula cerebelli (Fig. 214), which is very 
characteristic of teleost fishes. The hinder part of the cerebellum bulges 
outwards in the usual manner. The optic nerves do not form a chiasma, but 
simply cross one another, or decussate (CA.), on leaving the brain, the right 
nerve going to the left, and the left nerve to the right eye. 





Fig. 214. — Median longitudinal section of the brain of a trout. Aq. aqueductus sylvii; Bo, 
olfactory lobe ; Chi. cerebellum ; C.c. canal of spinal cord ; Cca. anterior commissure ; Ch.o, 
optic nerve ; Ci. inferior commissure ; Glp. pineal body ; Hy. Hy' . hypophysis ; J . infundibulum ; 
JVo/. olfactory nerve ; Pa. roof of telencephalon ; p. f. velum transversum ; S. v. saccus vasculosus ; 
Tea, pia mater; tr. crossing fibres of fourth nerve; V. c. valvula cerebelli; V. cw, ventricle of 
telencephalon ; V, q, fourth ventricle ; Vt. third ventricle. (From Goodrich, after Rabl-Riick- 
hard.) 

Sensory Organs. — The-most distinctive feature of the olfactory sac is the 
possession of two small apertures, the anterior provided with a valve. 

The eye (Fig. 215) has a very flat cornea (cn.) with which the globular lens 
( 1 .) is almost in contact, so that the aqueous chamber of the eye is extremely 
small. Between the cartilaginous sclerotic (scl.) and the vascular choroid (ch.) 
is a silvery layer or argentea {arg.), which owes its colour to minute crystals 
in the cells of which it is composed. There are no choroid processes. In the 
posterior part of the eye, between the choroid and the argentea, is a thickened 
ring-shaped structure {ch. gld.) surrounding the optic nerve, and called the 
choroid gland : it is not glandiUar, but is a complex network of blood-vessels, 
or rete mirabiU. It is supplied with blood by the efferent artery of the 
pseudobranch. Close to the entrance of the optic nerve a vascular fold of 
the choroid, the fulciform process {pr. fl.), pierces the retina, and is continued 
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to the back of the lens, where it ends in a knob, the campanula Halleri {cp. 
hal), which contains smooth muscular fibres. The falciform process with the 
campanula HaUeri takes an important part in the process of accommodation 
by which the eye becomes adapted to forming and receiving images of objects 
at various distances. Accommodation in the Bony Fish is effected, not by 
an alteration in the curvature of the lens as in higher vertebrates, but by 
changes in its position, by which it becomes more approximated towards, or 
further withdrawn from, the retina. In bringing about these changes of 
position the structures in question appear to play the principal part. 

The auditory organ (Fig. 216) is chiefly remarkable for the large size of the 
otoliths {ot. i). They are three in number; one, called the sagitta {ot. i), is 
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Fig. 215. — Salmo fario. Vertical section 
of eye (semi-diagrammatic), arg. argentea; 
ch. choroid ; ch, gld. choroid gland ; cn, 
cornea ; cp. hal. campanula Halleri ; ir. iris ; 
1. lens ; opt. nv. optic nerve ; pg. pigmentary 
layer; pr. ft. processus falciformis; scl. 
sclerotic (dotted). 
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Fig. 216. — Salmo fario. The right 
auditory organ, from the inner side ; the 
otoliths are shown separately below. 
a. s. c. anterior semi-circular canal ; ai^. 
nv. auditory nerve ; h. s. c. horizontal 
canal ; ot. i — 3, otoliths ; p. s. c. posterior 
canal ; sac. sacculus ; ut. utriculus. 


fully 6 mm. in length, and almost fills the sacculus : another, the asteriscus 
{ot. 2), is a small granule lying in the lagena or rudimentary cochlea : the 
third, the lapiUus {ot. 3), is placed in the utriculus close to the ampullae of the 
anterior and horizontal canals. 

Urinogenital Organs. — The kidneys (Fig. 212, kd., and Fig. 217, if) are of 
great size, extending the whole length of the dorsal wall of the abdomen, 
above the air-bladder, and partly fused together in the middle line. They 
are derived from the mesonephros of the embryo. Their anterior ends (Fig. 
212, kd. Fig. 217, if) are much dilated and consist in the adult of l3miphatic 
tissue, thus ceasing to discharge a renal function. The mesonephric ducts 
{ur.) unite into a single tube, which is dilate to form a urinary bladder 
(Fig. 212, «. hi., Fig. 212, V.), and discharges into the urinc^enital sinus. 
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The gonads are of great size in the sexually mature fish. The testes (Fig. 
212, ts.) are long, smooth, pinkish paired organs, extending the whole length 
of the abdominal cavity ; each is continued posteriorly into a duct {v. df.) 
which opens into the urinogenital sinus, and the homology of which with the 
ducts of the primitive nephridial system is still uncertain. The ovaries are 



Fig. 217. — Salmo fario. 

The kidneys and adjacent 
parts, d, precaval vein ; li 
(to the right), kidney ; R (to 
the left), degenerate anterior 
portion of kidney ; rr, efferent 
renal vein ; 5. subclavian 

vein ; u, ur, mesonephric duct ; 
V. l^adder. (From Gegenbaur*s 
Comparative Anatomy). 




Fig. 218. — Nine stages in the development of 
Sahno iario. A — H, before hatching ; /, shortly 
after hatching, bl. blastoderm ; ernb. embryo ; 
r, thickened edge of blastoderm : y. s. yolk-sac. 
(A — G after Henneguy.) 


also of the full length of the abdominal cavity and are much wider than the 
testes ; they are covered with peritoneum on their inner or mesial faces only, 
and the numerous ova, which are about 4 mm. in diameter, are discharged 
when ripe from their outer faces into the ccelome. There are no oviducts, 
but the anterior wall of the urinogenital sinus is pierced by a pair of genital 
pores through which the ova make their way to the exterior. There is reason 
for thinking that these pores are to be looked upon as degenerate oviducts, 
and in no way homologous with the abdominal pores of the Chondrichthyes. 
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Development. — Impregnation is external, the male shedding his milt or 
seminal fluid on the newly-laid eggs. The ovum is covered by a thick 
membrane, the zma radiata, perforated by an aperture, the micropyle, through 
which the sperms find access : it is formed of a superficial layer of protoplasm 
surrounding a mass of transparent fluid yolk of a pale yellow colour. At one 
pole the protoplasm accumulates to form an elevated area or germinal disc, 
in which cleavage takes place (Fig. 218, ^4, iB) in much the same way as in 
Chondrichthyes, except that, owing to the smaller proportion of yolk, the 
resulting blastoderm (bl.) and the embryo formed therefrom are proportionally 
much larger, and the yolk-sac (y.s.) correspondingly smaller, than in the two 
previous classes. Epiboly takes place as in Chondrichthyes, the blastoderm 
gradually growing round and enclosing the yolk {C-F). The embryo (emb.) 
arises as an elevation growing forwards from the thickened edge of the 
blastoderm, and, as it increases in length, appears as a clear colourless band 
{H, emb.) winding round the yellow yolk, and kept in close contact with it by 
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Fig. 219. — Longitudinal section of blastoderm of SUmo, at about the stage represented in 
D of Fig. 218. tfc. ectoderm ; en tns, infolding giving rise to endoderm and mesoderm. (After 
O. Hertwig.) 

the enclosing zona radiata. There is no open medullary groove, the nervous 
system being formed, as in Lampreys, from a fold of ectoderm the walls of 
which are in apposition so as to form a keel-like ridge. The endoderm and 
mesoderm are formed as a result of a process of infolding of the posterior edge 
of the blastoderm (Fig. 219). Gradually the head and tail become free from 
the yolk, and at the time of hatching the yolk-sac (/, y.s.) is a shoe-shaped 
body sessile upon the ventral surface of the transparent embryo. 

Systematic Position of the Example. 

Salmo fario is one of several species of the genus Salmo, belonging to the 
family Salmonidce, and the order “ Teleostei.” 

The absence of a spiral valve and of a conus arteriosus, the presence of a 
bulbus arteriosus, and the decussation of the optic nerves indicate its position 
among the Teleostei. It beloi^ to the Isospondyli in virtue of possessing a 
pnemnatic duct, none but jointed fin-rays, and abdominal pelvic fins. The 
characters which place it among the Salmonidse are the presence of an adipose 
fin and of pseudobranchise, the absence of oviducts, and iiie fact that the 
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maxilla enters into the gape of the mouth. The genus Salmo is distinguished 
by its small scales, weU-developed conical teeth, absent on the pterygoids, a 
short anal fin with fewer than fourteen rays, numerous pyloric appendages, 
and comparatively large ova. The distinctive characters of the various species 
of Salmo depend upon comparatively minute points, such as the relative 
proportions of various parts, and are often difiicult of determination owing 
to individual variations correlated with different environments. In S. fario 
the posterior margin of the operculum is evenly curved, the maxilla is longer 
than the snout, and the vomerine teeth are in a double series and persist 
throughout life. 

The remaining orders of the Neopterygii, which include the great majority 
of living fishes, are usually placed under the general heading of Teleosts. 
Representatives of the group first appear in the Upper Liassic period as an off- 
shoot of the holostean phase of evolution. The process of separation was 
gradual, and a definite line of demarcation is not easy to make. During the 
very early tertiary period the Teleosts expanded enormously and replaced the 
older phase of evolution to such an extent that at the present time the teleosts 
are, with the few exceptions already noted, the only bony fishes in existence. 
It is, moreover, very probable that the full tide of evolution has not yet been 
reached, and that new species are still in process of formation. Teleosts have 
penetrated into every kind of environment, and show an amazing range of 
adaptation to different foods and habits, and give a striking picture of what is 
known as " adaptive radiation,” of which a condensed account is given further 
on (p. 262). 

The marks whereby a teleost, whatever its shape and appearance may be, 
can be recognised are partly in the loss of certain characters which are still 
preserved by the more primitive actinopterygians, such as the Palaeopterygii, 
Protospondyli and Ginglymodi, and partly the presence of a number of 
structures which are new or, at least, definite modifications of old ones. 

The characters that are lost are ; the spiracle ; the spiral valve, the conus 
arteriosus in the heart which is reduced to one or at most two rows of valves, a . 
loss which is compensated by the great enlargement of the bulbus arteriosus ; 
ganoine disappears from the exoskeletbn and scales ; there are no longer any 
fulcral scales on the fins ; gular bones, with very few exceptions where they are 
much reduced, have disappeared or rather have been replaced by branchiostegal 
rays (Fig. 240). The dermal bones tend more and more to sink beneath the skin 
and to come into closer association with the endocranium than is the case with 
the mmre primitive Palaeoniscids, Crossopterygians or Dipnoi. The bones of 
the lower jaw are reduced to three elements only : the dentary, angular and 
articular. The pectoral girdle loses the davide. 

Of new or highly modified characters, the gills are now fully filamentar 
P . 86), the tail is externally, and in many cases internally, homocercal or 
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even geph5rrocercal. The skull, which shows an extreme range of variation in 
shape, always has a single ipstead of a paired vomer and, at the posterior 
dorsal surface, a single supraoccipital bone which is sometimes stated to be 
formed by the fusion of the neural arches of some of the anterior vertebrae, and 
which does not occur in any other fishes.^ The vertebrae are amphicoelous. 
There are additional " ribs ” known as the intermuscular bones. In the paired 
fins the radials are reduced to a few brachial ossicles, and the fin is completely 
fam-like, and without any trace of an axis. The urogenital organs have become 
highly specialised in that both ovaries and testes have acquired new ducts. 
In the male there is no longer any connection between the testis and meso- 
nephros. In the female in some cases — e.g., the trout (p. 253) — there is still an 
open-mouthed oviduct leading from the coelom, but usually the oviduct sur- 
rounds the ovary so that the ova pass directly to the exterior without being 
previously shed into the coelom. The teleost brain is also specialised, in that 
the upper walls of the cerebrum are very thin (the enlarged corpora striata on 
the ventral surface show through and give a false impression of cerebral hemis- 
pheres). The mid- and hind-brains are, however, often very large. There is a 
great development of the valvula cerebelli (Fig. 214), and the optic nerves 
cross over outside the brain without mixing (the absence of the so-called optic 
chiasma.) 

A satisfactory classification of the twenty thousand, or more, living species 
of teleosts is, in the present state'of our knowledge,[a[matter'of great difficulty, 
and the number of extinct forms, great as it is, still leaves us in the dark as to 
the actual course of evolution of the many groups which go to form the teleostei. 
The essential teleost characters are present in all, however great the diversity 
in shape, and to make a classification on single anatomical characters or 
external appearance involves the danger of mistaking adaptive convergence 
for evidence of true affinity. 

Certain broad groupings, however, can be made by taking into consideration 
stages of structure and the appearance of species in geological time. The 
earliest known fishes that can definitely be accepted as teleosts are placed 
in the genus Leptolepis, itself a derivative of the holostean family the Pholido- 
phoridae, which occurs in the Upper, and perhaps in the Lower, Lias. These 
little fishes, from three to four inches long, show all the teleost characters of 
skull and skeleton that can be shown by a fossil, but with a few characters, 
such as the presence of a small gular bone, a perforation of the amphicoelous 
vertebrae by the notochord and the retention of some ganoine on the bones amd 
scales, all characters showing that Leptolepis had not quite fully emerged from 
the holostean condition. 

^ ITie earliest known supraoccipital bone, however, is found in the Pholidophorid*, a famfly 
transitumal between tiie Holostei and Teleostei, where this bone appears to be a nenrocranial 
ossification. 
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Taking Leptokpis (Fig. 220) as the starting-point a number of the mwe 
primitive of l^ng and extinct teleosts can be grouped around it as probable 





derivatives. This order is termed the Isospondyli, its memtos all 
characterised by having an open duct from ^e air-bladder to the throat 
(knovm as the physostomous condition), by the fin rays being soft and flexible. 


vot. n. 
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by the backward position of the pelvic fins on the body and by the presence of a 
mesocoracoid element in the shoulder girdle. The cranial bones also often 
remain in the primitive position near the surface. 

Excluding some extinct families, the Isospondyli are represented at the 
present time by the following seven sub-orders, Clupeoidea (Herrings, Shad, 
Sprats, Pilchard, Anchovy, Tarpon, etc .) ; Salmonoidea (Salmon, Trout, Char, 



Fig. 22 1 a. — Arapaima gigas. (From Cambridge Natural History.) 


Smelt, Grayling, Argentines, etc.) ; Osteoglossoidea (Tropical fresh-water 
fishes, some of very large size, e.g., Arapaima (Fig. 221)) ; Notopteroidea (a 
small family of fresh-water fishes from Africa and the Orient, rather specialised 
in shape — e.g., Notopterus (Fig. 237)) ; Mormyroidea (fresh-water fishes from 
Africa specialised in having the snout sometimes much elongated — e.g., 
Gymnarchus, Mormyrus (Fig. 221 b)) ; Gonorhynchoidea {Gonorhynchus the 
sole living species of a family dating from the Cretaceous) ; Stomiatoidea 



Fig. 221b. — ^Moimyios cabalhu. (From Cambridge Natural History.) 


(deep-sea fishes usually with well-developed phosphorescent organs and often 
of very aberrant shape). 

Although many members of the above sub-orders are often specialised in 
one way or another, they are all based on a primitive and generalised ground 
plan. Allied to them, but showing further anatomical changes, such as the 
loss of the mesocoracoid, frequent closure of the pneumatic duct, etc., is another 
group of orders, such as the Haplomi (Pikes and their allies) *, Iniomi (Lantern 
fohes) ; Lyomeri (deep-sea fishes of aberrant shape — e.g., Saccopharynx (Fig. 
222)) ; Apodes (Eels) ; Ssmentognathi (Garfishes, Flying-fishes, etc.) ; Miopo- 
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Fig. 225. — Gadus moirhna (Cod), an. anus; c» f, caudal fin; d. f. i — 3, dorsal fins; mx, 
maxilla ; pet. f. pectoral fin ; pmx. premaxilla ; pv. f. pelvic fin ; v.f. i and 2, ventral fins. (After 
Cuvier.) 





Fig. 226. — Sebastes percoides. br. m. branchiostegal membrane ; d. f, spiny portion of dorsal 
fin ; d. /'. soft portion ; mx. maxilla ; op. opercular ; pet. f. pectoral fin ; p.mx. premaxilla ; pr. opm 
pre-opercular ; pv. f. pelvic fin; v. /. spiny portion of ventral fin; v.f'. soft portion, (After 
Richardson.) 



Fig. 227. — ^Labiioittlipi paittacula (Wrasse), d. /. 'hard dorsal fin ; d. f*. soft dorsal ; Ip. lips ; 
pectoral fin; pelvic fin; u./, ventral fin. R, inferior pharyngeal bone of Labrichthys. 
\ a , after Richardson ; after Owen.) 
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cyprini ; Allotriognathi (Oar- and Ribbon-fishes) ; Solenichthyes (Pipe-fishes, 
Sea-horses (Fig. 223), etc.), and Salnaopercae (“ Trout-perch ”). All these, 
although some of them number several hundred species, are relatively small 
groups. The Ostariophysi, however, which are characterised by a peculiar 
chain of bones, the " Weberian ossicles,” connecting the air-bladder with the 
ear region, form one of the largest orders of fishes and include the C5T)rinoids 
(Carp, Roach, Tench, Dace, Loach, Bream, Goldfish, Electric Eel), the Siluroids, 
(Cat-fishes, Rita), (Fig. 224), and indeed the majority of fresh-water fishes. 
The Anacanthini, the last of this series to be mentioned (Cod (Fig. 225), 
Haddock, Whiting, Hake, and the less commonly known Macrurids) are an 
important group, in that they afford so great a proportion of food fishes. 

All fishes in the above-mentioned series have soft fin-rays. The remaining 
orders together form a super group, the Acanthopterygii, whose members have 



Fig. 228. — Ostiacion (Coffer-fish), br, ap, branchial aperture ; d . f. dorsal fin ; pet. f. pectoral 
fin ; V. f. ventral fin. (After Day.) 

reached the highest degree of anatomical separation from the Leptolepid 
starting-point. The fins are now supported by rigid and frequently unseg- 
mented spines, the pelvic fins have moved so far forward that they have become 
attached to the cleithrum, the cranial bones are deeply sunk and may be covered 
by scales, and the pneumatic duct, if present, is closed (physoclistous condi- 
tion). The orders in this group are the Berycomorphi (the most primitive of the 
orders, with The pneumatic duct still open and the fin spines less developed) ; 
Zeomorphi (John Dories, Boar fish, etc.) ; Percomorphi (Perches, Sea bream 
(Fig. 226), Bass, Sunfish, Blennies, Angle-fish, Mullet, Tile-fish, Wrasses (Fig. 
227), Sword-fish, etc.) ; Gobiomorphi (Gobies) ; Scleroparei (Gurnards, Miller's 
Thumb, etc.) ; Thoracostei (Sticklebacks ) ; Heterosomata (Flat-fishes) ; 
Plectognathi (File- Trigger- Sun- Globe- (Fig. 228) and Porcupine-fishes) ; 
Pediculati (Angler-fishes), Opisthomi (Spiny Eels), and Symbranchii (Eel-like 
fishes without pectoral fins). 
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3. General Organisation. 

External Form. — typical form of the bony fishes is very fairly represented 
by that of the Trout (Fig. 201) — a long, compressed body, nearly half of which 
is formed by the tail, pointed anterior and posterior ends, a large vertical tail- 
fin, a head of moderate size, and a terminal mouth. Such a form is eminently 
fitted for rapid progression through the water. But from this characteristic 
fish-form there are many striking deviations. The body may be greatly 
elongated and almost cylindrical, as in the Eels ; or of great length and strongly 
flattened from side to side, as in the Ribbon-fishes ; or the head may be of 
immense proportional size and strongly depressed, as in certain bottom living 
fishes, such as the " Fishing-frog ” ; or, as in the beautiful Reef-fishes, the 
whole body may be as high as it is long. The mouth sometimes has a ventral 
position, as in most Chondrichthyes, with the snout prolonged over it. This 
is the case, for example, in the Sturgeons (Fig. 191) ; in the allied Polyodon the 
snout takes the form of a horizontally flattened shovel-like structure, about 
one-fourth the length of the body. On the other hand, in the ground-feeding 
" Star-gazers ’’ and some other spiny-rayed fishes, the lower jaw is underhung 
like that of a bull-dog, and the mouth becomes dorsal in position. A beak may 
be produced by the prolongation of the upper jaw, as in the Sword-fish, or of 
the lower jaw, as in the Half-beak, or of both jaws, as in the Gar-fish (Fig, 196) 
and Pike. Such a projection is not to be confounded with the snout of the 
Sturgeon or Polyodon, being formed by the elongation of the bones of the 
jaws (premaxilla, maxilla, dentary, etc.), whereas in the two Chondrostean 
forms referred to it is the anterior region of the cranium which is prolonged. 
Still another form of “ snout ” is produced in many Teleostei by the great 
mobility of the jaws, allowing of their protrusion in the form of a short tube. 
In the Wrasses or " lip-fishes ” the mouth is bounded by fleshy lips 
(Fig. 227. Ip.). 

Adaptation — the apparent suitability, that is to say, of an organism to its 
surroundings — ^is a phenomenon which is widespread throughout the animal 
and vegetable kingdoms. The results of this adaptation can be viewed from 
two aspects. One result is to bring about a resemblance between animals of 
different stocks that have taken up similar environments, a condition known 
as convergent adaptation. The other aspect, known as divergent adaptation or 
adaptive radiation, is when animals of allied stock have entered different 
environments and have come to differ superficially from one another, sometimes 
to a surprising degree. 

Fishes, and in particular the Teleosts, from the abundance of species living 
and the great variety of their enviromnents, afford excellent examples of both 
these related aspects of evolution. As an illustration of converg^ evolution 
-may be quoted the superficial resemblance between the extinct holostean 
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Thoracopterus (Fig. 229) and Exoccetus (Fig. 230), a teleost of the Synentognathi. 
Both are “ flying-fishes,” and both, in their enlarged pectoral fins and hypo- 
batic tails, show a striking similarity in general body form, while retaining, of 
course, the deeper-seated anatomical differences of their respective classes. 


Fig. 229. — Tboiacoptenu. 




Fig. 230. — ^E^oooBtni. 


A third " flying-fish ” may be mentioned, Chirothrix (Fig. 231), which, like 
Exoccetus, is a teleost, but is extinct and of a different family. This form 
acquired its fl5dng shape by a different road, since it was the pelvic, and not 
the pectoral, fins that became enlarged to form the gliding-planes. This is a 
reminder that adaptive evolution can attain similar functional ends by different 
means, and that the resemblance between convergent animals is one of varying 
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degree, and never amounts to an identity of structure. Many fishes of very 
different families, or even classes, have acquired similar body-forms adapted 
presumably to some particular needs, such, for example, as the deep laterally 
compressed body shown by Microdon (Fig. 232), an Upper Jurassic holostean, 
by the still-living teleosts Psettus seba (Fig. 233) and Pterophyllum the 
" Angel-fish,” amongst many others. Many, again, have independently 
acquired the eel-like shape or the peculiar whip-like tail of several different 



Fig. 234 <— Notacaothns booapaitii. (From Cambridge Natural History^ 



Fig. 235. — ^Hacnuiu caiminatiu. (From Cambridge NaturtU History.) 



Fig. 236. — TyVhlomu nanu. (From Cambridge Natural History.) 


deep-sea fishes, such as Notacanthus (Fig. 234) (Heteromi), Macrurus (Fig. 235) 
(Anacanthini), Typhlonus (Fig. 236), and others.^ In fact, any examination of 
the fishes will reveal a host of instances in which diverse fishes of similar habits 
have come to resemble one another to a greater or lesser degree, either in 
general shape, in fin structure, in dentition or in some or other character. 

1 But here again Notopterus {Fig. 237), a fresh-water and not a deep-sea fish has a very similar 
shape. It must therefore be conced^ that, while this peculiar shape may be one of several 
possible shapes suitable for deep-sea life, it may also be convenient in another environment. It 
shows that m the present state of our knowledge no absolute rule can be laid down, and that 
conclusions must not be reached too easily. 
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The teleosts, taken as a whole, in themselves afford an example of adaptive 
radiation. While retaining their well-defined and diagnostic characters, they 
have assumed an almost infinite variety of shape and construction in accordance 
with the many different environments into which they have migrated. Apart 
from those fishes which have a " normal ” body, it will be enough to mention 
such forms as the flat-fishes, eels, pipe^-fishes, procupine-fishes, the curious 



Fig. 237. — Kotoptenu kapiiat. (From Goodrich, after Day.) 


sea-horses and so on, a small selection out of a vast range. The Pediculati 
(Fig. 239), or " Angler-fishes," give a good example of adaptive radiation over 
a small range of structure, and within the limits of a single family. Here can 
be observed the evolution of the tentacle on the head in different directions in 
different members of the family which otherwise retain a general resemblance 
to one another. 

The process by which an animal, or an organ, becomes adapted to a particular 
function is still one of the unsolved problems of evolution, nor can it always be 



Fig. 238. — AnaUepi tetaopbthalmna. (From Cambridge Natural History.) 


stated with certainty that every character is adapted. Some characters that 
appear (perhaps from our own ignorance) to have no particular adaptive 
significance may be remnants of a former stage of evolution which, owing to 
some change in environment, have ceased their useful function. A structure 
once useful may, under changed circumstances, even become harmful in which 
case extinction would sooner or. later be the result. On the other haiid, there 
are many characters which are clearly adaptive, as, for example, the specialised 
modification of the breathing organs in Analas, the " Climbing Perch," or the 
division of the eye into an upper and lower section for vision above and below 
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water respectively in Anableps tetrophthalmus (Fig. 238), the “ Four-eyed 
Fish.” All characters such as these, it must be presumed, have been gradually 
perfected by natural selection, and will continue so long as the particular 
environment, nature of food and habits remains unchanged. It is not easy to 
explain the majority of adaptations in any other way. 



Fig. 239. — " Angler fishes.’’ (From Gregory, after Regan.) 

Tactile processes or barbels sometimes arise from the head; the most 
familiar example is that on the chin of the Sturgeon (Fig. 191 &).Cod or 
Haddock (Fig. 227, 6.); An operculum is always present, and is supported 
by a variable number of investing bones; it is continued below into a 
branchiostegal membrane (Fig. 240), which, except in Crossopterygii and the 
Sturgeons, is supported by bony rays. In Polypterus a pair of bony jugular 
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plates (Fig. 195, B, jug. pi.) are placed at the lower end of the branchiostegal 
membrane, between the rami of the mendible : Amia has a single plate (Fig. 
200, B, jug. pi.) in the same position. Spiracles are present only in Polypterus 
(Fig. 246) and some Sturgeons. 

The commonest number of median jins is two dorsals, one caudal, and one 
ventral, but this number may be increased or diminished (Figs. 225 and 227), 
or there may be a continuous median fin extending along the back and round 
the end of the tail to the anus. The dorsal fin is sometimes partly or wholly 
represented by a series of small jinlets (Figs. 195). The tail fin may be diphy- 
cercal, heterocercal, or homocercal, and is usually the chief organ of progression. 
But in the Sea-horse (Fig. 223) there is no caudal fin, and the tail is prehensile, ' 
being used in the position of rest to coil, in the vertical plane, round sea-weeds. 



Fig. 240. — ^Ventral view of gular plates and branchiostegal rays in A, a Crossopterygian ; B, 
Elonichthys, a palaeoniscid ; C, Amia ; G, gular plates ; i,g, intergular ; /. g, lateral gulars ; 5. op, 
sub-opercular ; h, branchiostegals ; ch, ceratohyal ; mn, mandible. (After Kegan.) 

etc. : when swimming it hangs downwards, having no lateral movement, and 
locomotion is effected mainly by the vibration of the dorsal fin. 

The dermalrrays of the caudal fin are always jointed, as in the Trout, but in 
the Acanthopterygian type of fishes more or fewer of the foremost rays of the 
dorsal, anal, and pelvic fins are unjointed, forming spines (Figs. 226 and 227, 
d. /.), sometimes large and strong enough to recall the dermal defences of 
some Sharks and of Holocephali. In Polypterus (Fig. 195) each finlet is sup- 
ported along its anterior edge by a strong spine, to which the soft rays are 
attached. 

The anterior dorsal fin may attain an immense size, and is subject to some 
curious variations. In the Fishing-frog or Angler {Lophius) its foremost rays 
are elongated and bear lobes or lures by which small fishes are attracted as to 
the bait on a fishing-line. 

In the Sucking-fish (Echeneis) the anterior dorsal fin is modified into an 
adhesive disc by means of which the fish attaches itself to the bodies of Sharks 
and Turtles. 
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The portion of the paired fins visible externally is usually very thin, and 
supported entirely by dermal rays. But in Polypterus (Fig. 247) the rays form a 
fringe round a thick basal lobe, which is supported by endoskeletal structures 
{vide infra). This condition of things forms an approach to the structure met 
with in Elasmobranchii and Holocephali. The pectorals vary considerably in 
size, and in the Flying-fishes (Exocetidae) and flying Gurnards (Dactylopteridae) 
form large, wing-like expansions, capable of sustaining the animal in its long 
leaps into the air. In many fishes the pelvics are reduced to filaments or scales, 
and in some cases a sucking-disc is developed in connection with them. The 
pectorals always retadn their normal position, just behind the gill-clefts, but 
the pelvics often become more or less shifted forwairds from the typical position 
beside the vent. The change in position is least in the " ganoid ” orders ^ 
(Figs. 191, 195, 196, and 200) and in the Isospondyli and allied orders (Fig. 



201), in which they are usually between the middle of the abdomen and the 
anus, and are said to be abdominal in position ; but in a large proportion of the 
fishes in the remaining orders of Teleostei they come to be placed almost beneath 
the pectorals (Fig. 227, pv. /.), when their position is called thoracic, or on the 
throat (Fig. 225), when they are said to he jugular in position. 

A very remarkable deviation from the typical form occurs in the Flat-fishes 
(Heterosomata). The body ^Fig. 241) is very deep and strongly compressed ; 
the fish habitually rests on the bottom, in some species on the right, in others 
on the left side, partly covering itself with sand, and occasionally swimming with 
an undulating movement. The under side is usually pure white, the upper 
side dark. The eyes (r. e., 1 . e.) are both on the upper or dark-coloured side, 
and the skull is distorted so as to adapt the orbits to this change of position. 

In section the term **• ganoid has been left unaltered. It may be read as covering the 
Pateopterygii (Sturgeons and Pofypterus) together with Amia and Lepidisteus. 
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The abdominal cavity is very small, the anus placed far forward, and the dorsal 
and anal fins are sometimes continuous. Young Flat-fishes swim in the 
ordinary vertical position, but after a time they lie on one side and assume the 
adult peculiarities, the eye on the lower side gradually rotating until it reaches 
the upper surface. 

Many shore-fishes exhibit protective characters, the tints and markings of 
the skin being harmonised with those of the rocks, sea-weeds, etc., among which 
they live. The effect may be heightened by fringes and lobes of skin, resembling 
sea-weed, and often giving the fish a most grotesque appearance. The colours 
are often adaptable : Trout, for instance, alter their colour by the contraction 
or expansion of their pigment-cells, according to whether the streams in which 
they live have a muddy or a sandy bottom. In some shore-fishes, such as 
those of the coral reefs, the colours are of the most brilliant description ; vivid 
reds, blues, and yellows, spots or stripes of gold or silver, are common, and 



although the combination of tints may sometimes seem to our eye rather 
crude and glaring, they appear to be distinctly protective, harmonising with 
the brilliant hues of the coral polypes and other members of the reef fauna. 
Pelagic fishes, such as the Mackerel and Herring, are usually steely-blue above, 
white beneath. 

Many deep-sea Teleostei are phosphorescent : in some of these definite 
luminous organs (Fig. 242) are arranged in longitudinal rows along the body, 
each provided with a lens and other accessory parts, like those of the eye, the 
whole organ having the character of a minute bull's eye lantern. Some species 
of the same order, such as the Weever {Trachinus), possess poison-glands, 
opening either on one of the dorsal spines, or on a spinous process of the 
operculum, or, as in the Cat-fishes (Siluridae), on the spine of the pectoral fin. 

Exoskeleton. — In many bony fishes, such as Pdyodon and many Eels, the 
skin is devoid of hard parts, but in most cases a dermal exoskeleton is present. 
In Amia and in the majority of Teleostei this takes the form, as in the Trout, 
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of scales, rounded plates of bone imbedded in pouches of the dermis and over- 
lapping one another from behind forwards. When the free border of the scales 
presents an even curve, as in Amia and most Physostomi and Anacanthini, 
they are called cycloid scales (Fig. 203) ; when, as in most " spiny-rayed ” 
fishes, the free edge is produced into small spines (Fig. 243), they are dis- 
tinguished as ctenoid scales. Usually the integument is continued as a thin 
layer over the surface of the scales, but in a good many cases this investment 
is absent. In exceptional cases the scales by a redeposition of bone may be so 
large and strong as to form a rigid armour. In the Sturgeon (Fig. 191) there is a 
strong armour, formed of stout bony plates, or scutes, produced into enamelled 
spines and articulating with one another by suture. Scutes are also found in 
many Siluroids (Fig. 226) and in Lophobranchii (Fig. 223) and some Plectognathi 
(Fig. 228) : while in other Plectognathi the exoskeleton takes the form, as in 
the File-fishes, of minute spines like the shagreen of Sharks, or, as in memy 
Globe-fishes, of long, outstanding, bony spines. Lastly, in Polypterus and 
Lepidosteus are found ganoid scales in the form of thick, close-set, rhomboidal 
plates formed of bone, covered externally by a layer of enamel-like material 
(ganoin) and joined together by pegs and sockets. In many Ganoids the 
anterior fin-rays of both median and paired fins bear a row of spine-like scales 
called fulcra (Fig. 196, fl.). True dermal teeth similar to those of the 
Chondrichthyes occur scattered over the scales and lepidotrichia in some of the 
bony fishes {e.g., Lepidosteus, Polypterus) : these may be fixed or movable 
(Siluroids). 

Endoskeleton. — In the Sturgeons the vertebral column (Fig. 192 and 245) 
consists of a persistent notochord with cartilaginous arches, and is fused 
anteriorly with the cranium. In the remaining orders bony vertebrae are 
present ; the centra are biconcave, except in some Eels, in which the anterior 
face is flat or even convex, and in Lepidosteus, in which the anterior face is 
distinctly convex. Vertebrae of this form, t.c., having the centrum convex in 
front and concave behind, are called opisthoccelous. Ribs are usually present : 
in Polypterus each vertebra has two pairs, a dorsal pair (Fig. 244, R, I — V) of 
considerable length, running between the dorsal and ventral muscles, and a 
short ventral pair (f.) between the muscles and the peritonemn : the former 
answer to the ribs of Chondrichthyes, the latter to the ribs {pleural ribs) of the 
remaining bony fishes, which are always placed immediately beneath the 
peritoneum. There may be one or more sets of intermuscular bones, attached 
either to the neural arch {epineurals), to the centrum {epicentrals) or the ribs 
(epipieurals), not preformed in cartilage, but developed as ossifications of the 
intermuscular septa. The posterior end of the vertebral column is turned up 
in the Stxageom, f^pidosteus, and Amia, resulting in a heterocercal tail-fin : in 
Amia, howevec, the fin-rays are so disposed that the fin appears almost 
sytnmetrical. Among Teleostei the tail-fin is very usually homocercal, as in, the 
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Trout, with a more or less disguised as5unmetry : in many cases in the adult 
the development of the large, fan-shaped, posterior hsemal arches completely 
hides the upturned end of the notochord, and in some the spinal column 



Fio. 244. — ^Anterior end of vertebral column of Polyptems. PS, parasphenoid ; R, I — V, 
dorsal ribs ; WK, centra ; t» ventral (pleural) ribs. (From Wiedersheim^s Comparative Anatomy,) 

ends simply in a somewhat compressed centrum around which the fin-rays are 
symmetrically disposed ; such truly symmetrical tail-fins are called diphy cereal. 

in the structure of the skull, the cranium of the Chondrostei (Fig. 245) is an 
undivided mass of cartilage with a few isolated replacing bones. The roofing 



Fig. — Skull of Sturgeon; with the investing bones removed, a, plmiyngo-branchials ; 

A F. antoroital process ; AR, articular ; h, epibranchial ; c, ceratobranchial ; C, notochord ; Cop, 
basibranchials ; d, h3rpobraachial ; Dei. dentary ; GK. aui^tory capsule ; HM. hyomandibular ; 
hy. hyoid cornu; Ih, interhyal; Md. mandible; iVla,. nasal capsule; Ob. neural arches; PF. 
post-orbital process; PQ. palatoquadrate ; Ps. Ps'. Ps*\ psuasphenoid ; P$p. neural spines; 
Qu, quadrate; R. rostrum; i?t.^bs; Sp. N. foramina for spinal nerves; symplectic ; WS. 
vertebral column ; vagus foramen ; J — F, branchial arches. (From Wiedersheim's 
aniomy.) 
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investing bones lie in the dermis, so as to be practically superficial, and behind 
pass insensibly into the scutes covering the trunk ; the fact that these bones 
(parietals, frontals, etc.) are exoskeletal structures is here perfectly obvious. 
The same is the case in Polypterus (Fig. 246), in which, however, the replacing 


bones are better developed. In Lepidosteus 
and Amia, and especially the latter, the 
skull resembles that of the Trout in all 
essential respects, the main differences 
consisting in the absence of certain bones, 
such as the supra-occipital, and in the 
presence of additional investing bones. 
Among Teleostei it is only in the Iso- 
spondyli that the investing bones remain 
separable from the chondrocranium in the 
adult ; in the remaining orders, e.g, in the 
Cod, Haddock, or Perch, they become 
grafted on to the chondrocranium and 
so closely united with the replacing bones 
that they can be removed only by pulling 
the whole skull to pieces ; most of the 
original cartilage frequently disappears in 
the adult and the cranium thus becomes a 
firm bony mass in which no distinction 
between replacing and investing bones is 
discernible. 

The varying size of the gape, which is 
so noticeable a feature in the fishes, 
depends upon the inclination of the 
suspensorium : in wide-mouthed Fishes 
(Fig. 227) the axis of the hyomandibular 
and suspensorium is nearly vertical or 
even inclined backwards ; in small- 
mouthed forms (Fig. 228) it is strongly 
inclined forwards, and the length of 
the jaws is proportionately reduced. In 



Fig. 246. — Skull of Polypterus, from 
above. F. frontal ; M. maxilla ; N. nasal ; 
FJa. nostril ; Op. opercular ; Orb. orbit ; 
P. parietal. The remaining letters point 
to less important investing bones. The 
arrow is passed into the spiracle. (From 
Wiedersheim's Comparative Anatomy.) 


the branchial arches the pharyngobranchials of each side are very commonly 
fused, and constitute what are called the superior pharyngeal bones : the reduced 
fifth branchial bars, or inferior pharyngeal hones, bite against them. In some 
Percoid fishes are distinguished by having the inferior pharyngeal bones united 
into a single bony mass of characteristic form (Fig. 227, B). The gill-rakers are 
often very highly developed, and may form a mesh capable of retaining even 
microscopic organisms. 
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In the shoulder-girdle, of the Chondrostei there is a primary shoulder- 
girdle consisting of large paired cartilages, not united in the middle ventral 
line, and unossified : each is covered externally by a large scute-like investing 
bone, the cleithrum. In Polypterus a clavicle and cleithrum are also present, 
but in the remaining Ganoids and in Teleostei the primary shoulder-girdle is 
reduced in size and is usually ossified by two bones, a dorsal scapula and a 
ventral coracoid : sometimes, as in the Trout, there may be an additional 
ossification, the mesocoracoid. Additional investing bones — supra-cleilhrum. 


4 * 

I 



Fig. 247. — Pectoral fin of 
Polypterus. PS. dermal rays; 
MS. mesopterygium ; MT. meta- 
pterygium ; NL. nerve-fora- 
mina; Oss. ossification in meso- 
pterygium ; Pr. propterygium ; 
Ra. first radials; Ra^. second 
radials. At ♦ the bony marginal 
rays meet and shut off the middle 
region from the shoulder-girdle. 
(From Wiedersheim’s Compara- 
tive Anatomy.) 



Bas^. basal; BP. pelvic carti- 
lages (fused in adult) ; Rad. 
radials. (From Wiedersheim.) 


post-cleithrum, etc. — are added, and one of them, the post-temporal, serves to 
articulate the shoulder-girdle with the skull (Fig. 210). 

In the skeleton of the pectoral fin of Polypterus (Fig. 247) the basal lobe of 
the fin is supported by a rod-like ossified propterygium (Pr), a brQad carti- 
laginous, partly ossified, mesopterygium {MS), and an ossified metapterygimn 
(MT); to these, two rows of elongated radials (Pa, Pa^) are articulated fanwise, 
and these in their turn give attachment to the fin-rays (PS). In all the 
remaining orders the basalia (pro-, meso-, and meta-pterygium) are absent, and 
the endoskeleton of the fin consists only of a single or double row of radials 
(Fig. 210). 
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In Polyptems there is a pelvic girdle (Fig. 248, BP) in the form of a 

small rhomboidal cartilage to which the anterior ends of the basalia {Bas^) 
are attached. In all the remaining orders the pelvic girdle appears to be 
atrophied. The pelvic fin is supported by a single bone of variable form (Fig. 
211, B. PTG) and apparently arising from the fusion of proximal pterygiophores. 
Between its posterior end and the dermal rays irregular nodules, representing 
radials, may be interposed. 

The distinction between hard or unjointed fin-rays, or spines, and soft or 
jointed fin-rays has already been 

referred to. The first ray of the — ^ 

dorsal and pectoral fins sometimes, 
e.g. in Siluroids (Fig. 224), has the 
form of a very strong spine arti- 
culated by a bolt-and-shackle joint, 
i.e. by the interlocking of two rings. 

In some cases the first dorsal spine 
springs from the skull. 

The texture of the bones is 
subject to wide variation ; in some 
" Spiny-rayed ” fishes they are very 
thick and strong, in some places 
almost like ivory; while in the 
Lump-fish {Cyclopterus), the huge 
Sunfish {Mola), and in many deep- 
sea forms, such as the Ribbon-fishes 
{Regalecus and Trachypterus), the 
amount of mineral matter is so 
small that the bones are easily cut 
with a knife and weigh astonishingly 
little when dry. 

Eleetile O^ans. — ^Three genera 
of bony fishes possess electric 
organs, the Electric Cat-fish {Mala- 
pterurus), one of the Siluridae, foimd 

in the fresh waters of tropical Africa, the Electric Eel {CyPrinoid), Electrophorus 
occurring in Brazil and the Guianas, and an American Star-gazer of the genus 
Astroscopus. In Malapterurus the electric organ extends over the whole body, 
beneath the skin ; in Electrophorus (Fig. 249) there is a pair of batteries in the 
ventral half of the greatly elongated tail; in Astroscopus the electric oigans 
are situated on the upper surface of the head just behind the eyes. As in the 
Chondiichthyes,the electric organs areformed by modification of muscular tissue. 

IMgesttve Oi^ans. — ^Some fishes are toothless ; but in most instances tedh 



Fig. 249. — ^Eteotrophonu eleottiotis. A, showing 
the extent of the electric organ (£). FI, ventral 
fin. B, small portion of tim, in section. DM. 
DM', dorsal muscles. E. E’. electric organ ; FI. 
ventral fin ; H, skin ; LH. caudal canal : Sep. 
fibrous septum; VM. VM'. ventral,, muscles; 
WS, WS’, vertebral column, with spinal nerves. 
(From Wiedersheim's Comparative Anatomy.) 



276 


ZOOLOGY 


are present, and may be developed on the pre-maxilla, maxilla, palatine, 
pterygoid, vomer, parasphenoid, dentary, basihyal, and bones of the branchial 
arches. It is characteristic of most Teleostei, with the exception of Isos- 
pondyli, that the maxilla is edentulous and does not enter into the gape (Fig. 
226). In a large majority of species the teeth are small, conical, and recurved, 
suitable for preventing the struggling prey from slipping out of the mouth, 
but quite unfitted for either tearing or crushing. In some fishes, such as the 
Pike, the teeth are hinged backwards so as to offer no resistance to the passage of 
the prey towards the gullet, but effectually barring any movement in the other 
direction. In many deep-sea fishes (Fig. 222) the teeth are of immense size 
and constitute a very formidable armature to the jaws. A number of instances 
occur in which there is a marked differentiation of the teeth, those in the front 
of the jaws (Fig. 250) being pointed or chisel-edged, and adapted for seizing, 

while the back teeth have spherical surfaces 
adapted for crushing. In the Wrasses (Fig. 227, 
B) strong crushing teeth are developed on the 
pharyngeal bones. In the Globe-fishes the teeth 
are apparently reduced to one or two in each 
jaw, but each “ tooth ” in this case really 
consists of numerous calcified plates fused 
together. The teeth may be either simply em- 
bedded in the mucous membrane so as to be 
showmgTeetr*''*Afte?^oJ^’ detached when the bones are macerated or 

boiled, or they may be implanted in sockets of 
the bone, or ankylosed to it. They are formed of some variety of dentine, and 
are often capped with enamel. Their succession is perpetual, i.e. injured or 
worn-out teeth are replaced at all ages. 

In some species the alimentary canal shows little differentiation into regions, 
but, as a rule, gullet, stomach, duodenum, ileum, and rectum are more or less 
clearly distinguishable. The stomach is generally V-shaped, but its cardiac 
region may be prolonged into a blind pouch; it is often very distensible, 
allowing some of the deep-sea Teleostei to swallow fishes as large as themselves. 
In the Globe-fishes the animal can inflate the gullet with air or water when it 
floats upside down. The Ganoids have a spiral valve in the intestine, which 
is very well developed in Polypterus and the Sturgeon, vestigial in L^idosteus 
(Fig. 252, sp. V.) and Amia ; it is absent in all Teleostei, except possibly in 
Chirocentrus, one of the Isospondyli and a trace occurs in the Herring. The 
liver is usually large ; a pancreas may be present as a compact gland, as in 
Chondrichthyes; or may be widely diffused between the layers of the mesentery, 
or in part surrounded by the liver. Pyloric caeca are commonly present, and 
vary in number from a single one to two hundred. The anus is always distinct 
from, and in front of, the urinogenital aperture. 
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Respiratory Organs. — The gills are usually comb-like, as in the Trout, the 
branchial filaments being free, owing to the atrophy of the interbranchial 
septa. In the Sturgeon, however, the septa axe fairly well developed, reaching 
half-way up the filaments, so that the latter are free only in their distal portions ; 
this arrangement is obviously intermediate between the chondrichthyan and 
teleostean conditions (Fig. 68). The most striking deviation from the 
normal structure occurs in Syngnathidae, in which the giU-filaments are replaced 
by curious tufted processes (Fig. 223, B, g.). As a rule gills (holobranchs) are 
developed on the first four branchial arches, but the fourth is frequently 



reduced to a hemibranch, and further reduction takes places in some cases. 
The pseudobranch or vestigial hyoidean gill may either retain the characteristic 
comb-like structure, as in the Trout, or may be reduced, as in the Cod, to a 
gland-like organ formed of a plexus of blood-vessels and called a vaso-ganglion 
or rete mirabile. In most Teleosts the mechanism of respiration is similar 
to what 'has already been described in the case of the Trout, and respiratory 
valves are developed in the mouth-cavity. But there are considerable 
differences in details, more especially as regards the relative importance of 
the opercula and the branchiostegal membranes in carr3dng on the movements 
of inspiration and expiration. 

In additon to the gills some Teleostei possess accessory organs of respiration. 
In Amphipnous, an Indian physostome, the gills are poorly developed and are 
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functionally replaced by a vascular sac occurring on each side of the body and 
opening in front into the first (hyobranchial) gill-cleft. Such sacs are physio- 



Fig* 252. — Digestive or- 
gans and air-bleuider of 


Lepidosteus. a, anus ; a. h, 
air-bladder ; a, h\ its aper- 
ture in the pharynx ; 6. d\ 
aperture of bile-duct; c, 
pyloric casca ; g. 6. gall- 
biadder; Ap. d. hepatic duct ; 
Ir. liver ; py, pyloric valve ; 
s. spleen ; sp, v, spiral valve ; 


si. stomach. (From Wieders- 
heim*s Comparative Anatomy, 
after Balfour and Parker.) 


logically, though not morphologically, lungs. In the 
Climbing Perch {Anabas) of the Oriental Region (Fig. 
251) the superior pharyngeal bones are developed 
into folded plates {B) covered with vascular mucous 
membrane and capable of retaining water for a 
considerable period : the fish is able to traverse the 
land, and is even said to climb trees, holding on 
alternately by the spines of its pre-operculum and of 
its ventral fins. It has become so thoroughly a land- 
animal that it is drowned if immersed in water. In 
the little armoured.siluroid CaUickthys anal respiration 
takes place, air being drawn into and expelled from 
the rectum. Lastly, in the curious little goggle-eyed 
Periophthalmus of the Indian emd Pacific Oceans the 
tail-fin seems to serve cis a respiratory organ, being 
kept in the water while the fish perches on a rock. 

The air-bladder retains its connection with the 
gullet (rarely with the stomach) in Ganoids and 
Physostomes ; in the other Teleostei the pneumatic 
duct atrophies in the adult and the bladder becomes 
a shut sac. In Polypterus it consists of two lobes, a 
large left and a smaller right. The pneumatic duct 
is always connected with the dorsal wall of the 
gullet or stomach, except in Polypterus, in which the 
aperture is ventral. The bladder is sometimes divided 
into compartments or produced into lateral offshoots : 
in Amia and Lepidosieus (Fig. 252, a. b.) its wall is 
sacculated or raised into anastomosing ridges, en- 
closing more or less well-marked pham^rs and thus 
resembling a lung. In Polypterus its lung-like char- 
acter is enhanced by the ventral position of the 
opening and by the blood being conveyed to it (as is 
also the case in Amia) by a pair of pulmonary arteries 
given off from the last pair of epibranchial arteries, 
as in the Dipnoi. 

The air-bladder seems to be capable of tCcting 
as a sort of accessory respiratory oi^an ; it has been 
found that in a perch, asphyxiated in stagnant 
water, the oxygai in the bladder, which nomudly 
amounts to 20 or 25 per cent., is entirely absorbed 
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and replaced by nitrogen and carbonic acid. Its normal function, however, 
is hydrostatic, i.e., it serves to keep the fish of the same specific gravity 
as the water. The specific gravity of the fish as a whole, rising or 
falling as it must on account of the increase or decrease of pressure at 
various depths as the fish descends or ascends causing greater or less com- 
pression of the gases in the air-bladder, can be brought to approximate to that 
of the surrounding water by increase or decrease in the quantity of the con- 
tained gas. This is brought about by secretion or absorption, often by means 
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Fig. 253. — Horizontal section of posterior portion of head and anterior end of air-bladder in 
Psendophyeis bachus* one of the Gadidas or Cods (semi-diagrammatic), a. thickened portion of 
air-bladder fitting into fenestra in posterior wall of auditory capsule ; a, hL air-bladder ; au, cp, 
outer wall of auditory capsule; au. cp\ inner (membranous) wall; b. hollow offshoots of air- 
bladder; cp. sir. corpora striata; crb. cerebellum; memh. lab. membranous labyrinth; olf. 1. 
olfactory bulbs ; olf. p. olfactory peduncles (olfactory tracts) ; op. operculum ; opt. 1. optic lobes ; 
vs, gn. vaso-ganglia. 

of vaso-ganglia or red glands (Fig. 253, vs. gn). These are elevations of the 
wall of the bladder, abundantly supplied with blood, and containing tubular 
glands which open into the cavity of the bladder. In fishes with a pneumatic 
duct the red glands are absent, but in the Eels and others their place is taken 
by red bodies of similar appearance, but with non-glandular epithelium. In 
some forms with closed air-bladder the anterior end of the organ is forked, 
and each branch (Fig. 253, «) fits closely against a membranous space in the 
posterior wsdl of the auditory capsule, while laterally it extends outwards in 
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the region of the shoulder-girdle, and comes to lie immediately beneath the 
skin ; any change in volume of the air bladder is thus communicated to the 
auditory organ. A more sensitive apparatus exists in the carps and siluroids, 
in which a chain of bones connects the air bladder with the ear, forming the 
Weberian apparatus. Both mechanisms control by reflex action the passage of 
gas to and from the bladder, tending to maintain the volume of this organ 
constant at all depths. This ensures that the equilibrium will not change 
during a sufficiently slow migration to shallower or deeper water. 

The structure of the heart forms one of the most striking differences between 
the “Ganoid” orders and the Teleostei. In Ganoids there is a muscular 
conus arteriosus with rows of valves, as in the Chondri- 
chthyes ; in Teleostei a vestige of the conus containing 
two rows of valves has been found in Alhula (Physo- 
stomi), and similar vestiges occur in several other 
genera of the same sub-order, but in all the rest of the 
order it is entirely unrepresented. On the other hand, 
Teleostei always have a large bulbus arteriosus, 
formed as a dilatation of the base of the ventral aorta. 

In the brain the cerebellum and optic lobes are 
usually large; the diencephalon is well developed in 
Ganoids, almost obsolete in Teleostei. In the Teleostei 
and Ganoidei the prosencephalon has the general 
features which have been described in the account of 
the brain of the Trout : it is not divided into hemis- 
pheres and has a roof which, except in Amia, is com- 
pletely non-nervous ; its floor consists of a pair of 
massive corpora striata (Fig. 254, prs., and Fig. 213, 
BG). In most instances the olfactory bulbs are in 
close apposition with the olfactory region of the 
prosencephalon without the intervention of olfactory 
stalks or tracts; but in some cases, as in the Cod 
(Fig. 253, olf. p.), they are borne on long olfactory 
peduncles or olfactory tracts. The Ganoids agree with 
Chondrichthyes in the fact that the optic nerves form a chiasma, while in 
Teleostei they simply cross one another or decussate. Here also, however, 
the distinction is not quite absolute, since in the Herring and some other Physos- 
tomes one nerve passes through a slit in the other. In some Pleetognaths the 
spinal cord undergoes a remarkable shortening : in a Sun-fish 2j metres in 
length and weighing a ton and a half the cord is only 15 millimetres long, being 
actually shorter than the brain, 

Uiinogenital Oif^ans. — ^The kidney (Fig. 212, kd.) is formed from the mesone- 
phros of the embryo, and xisually attains a great size ; the pronephros usually 



Fig. 2 54. — Brain of 
Lepidosteus* dorsal view. 
cbl. cerebelluifi ; c. h. ol- 
factory part of prosen- 
cephalon ; di. dience- 
phalon ; m, 0 . medulla 
oblongata ; olf, 1. ol- 
factory bulbs ; opt, I, 
optic lobes ; prs, corpora 
striata. (After Balfour 
and Parker.) 
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atrophies. The urinary duct {ur.) is the undivided pronephric duct : it unites with 
its fellow of the opposite side before opening either directly on to the exterior 
or into a urinogenital sinus. A urinary bladder is formed as a single or double 
dilatation of the duct. The right and left kidneys undergo more or less fusion, 
and their anterior ends are usually converted into adenoid or lymphatic 



Fig. 255. — ^Male organs 
of Lepidostotu. hi, bladder ; 
/. c, longitudinal canal ; ts. 
testis ; u,g, ap, urinogenital 
aperture ; ur, urinary duct ; 
V, ef, vasa efferentia. (After 
Balfour and Parker.) 


Fig. 256. — Female organs of Lepidosteus (A) 
and Amia (B). a, degenerate anterior portion of 
kidney : bl. bladder ; kd. kidney ; ovd, oviduct ; 
ovd/ aperture of oviduct into bladder; ovd," 
peritoneal aperture ; ovy. ovary ; p. peritoneum ; 
u,g, ap, urinogenital aperture ; ur, urinary duct. 
(A, after Balfour and Parker ; B, after Huxley.) 


tissue {kd.'), so that, while resembling the rest of the organ in external 
appearance they do not discharge a renal function. 

The male organs of Lepidosteus may be taken as an example of those of 
Ganoids. The testis (Fig. 255, ts.) is a paired, lobulated organ, the secretion of 
which is carried by a large number of vasa efferentia {v. ef.) into a longitudinal 
canal { 1 . c.) lying alongside the urinary duct {ur.). From this canal tubes 
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are given off wliich communicate with the urinary tubules of the kidney or 
open directly into the duct, so that the seminal fluid has to traverse the 
latter in order to reach the urinary bladder {hi.) and make its escape by the 
common urinogenital aperture {u.g. ap.). In Teleostei there are no vasa 
efferentia, but the posterior end of the testis is directly continued into a duct 
(Fig. 212, V. d.) which unites with its fellow of the opposite side and opens 
either into a urinogenital sinus, as in the Trout, or, as in the Cod, directly on 
the exterior, between the anus and the urinary aperture. In the Eels the 
seminal fluid escapes into the ccelome and is discharged by genital pores. 

In most Ganoids the oviducts (Fig. 256, B, ovd.) have funnel-like anterior 
ends {ovd.") opening into the coelome, while posteriorly {ovd.') they discharge 
into the dilated urinary duct {bl.). A similar arrangement occurs in the Smelt, 
one of the Physostomi (Salmonidae), in which the eggs are discharged from the 
outer or lateral face of the ovary into the open end of the oviduct. But in 
most Teleostei and in Lepidosteus (Fig. 256, A) the ovary {ovy.) is a hollow sac 
continued posteriorly into the oviduct {ovd.) : the eggs are set free into its 
cavity from the folds into which its inner surface is produced, and so pass 
directly into the oviduct without previously entering the ccelome. An ovary 
of this kind reminds us of the state of things in Arthropods, in which also the 
ovary is a hollow organ discharging its products into its internal cavity, whence 
they pass directly into the continuous oviduct. It was pointed out that the 
lumen of the ovary in this case was to be looked upon as a shut-off portion of 
the coelome ; this is certainly the case in Lepidosteus and the Teleostei. In 
the embryo a longitudinal fold grows from the ventral edge of the then solid 
ovary, and turns upwards along the lateral face of the organ : it is met by a 
descending fold of peritoneum from the dorsal wall of the abdomen, and by the 
union of the two folds a cavity is enclosed, which is the lumen of the ovary. 
The oviduct is developed as a backward continuation of these folds of peri- 
toneum, and appears to be quite unconnected with the embryonic renal system, 
and therefore not to be homologous with the oviducts of Selachians and Holo- 
cephali, which, as we have seen, are Mullerian ducts. In the Salmonidae and 
the Eels oviducts are absent, and the ova are discharged by genital pores, which 
are probably to be looked upon as degenerate oviducts. True abdominal 
pores are present in Ganoids and in some Physostomi. Most fishes aire dioecious, 
but Serranus, one of the Perch family, is hermaphrodite and self-impregnating ; 
Chrysophrys is hermaphrodite and successively male and female; and there 
are mamy well-known species, such as the Cod and the Herring, which exhibit 
the hermaphrodite condition as an occasional variation. Regan has described 
interesting cases of small parasitic males which become permanently attached 
to the female in the Ceratioids (Oceanic Angler fishes). 

Reproduetton and Development. — ^Most bony fishes are oviparous, the eggs 
being fertilised after they are laid, but in some Teleostei, such as the Viviparous 
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Blenny {Zoarces), int^nal fertilisation takes place ; the young are developed 
in the hollow ovary and are brought forth alive. Many instances of parental 
care of the young are known, the most famiUar being that of the male Stickle- 
back {Gasterosteus), which constructs a nest of weeds, fastened together by a 





Fig. 257. — Segmentation in Acipenser [A), 
Amia (B), and Lepidosteos (C). A i, 2, and 3. 
B 1 and 2, C 1 and 2 are views of the apical pole ; 
the remaining figures are side views. (From 
Graham Kerr, after Dean, Whitman, and 
Eycleshymer.) 


glutinous secretion of the kidneys, and jealously guards the developing young. 
In the Sea-horse {Hippocampus) and the Pipe-fishes {Syngnaihidce) the young 
are developed in a pouch (Fig. 223, brd. p.) on the abdomen of the male. In 
the SUuroid Aspredo the ^gs are pressed into the soft spongy skin of the belly 
and thus carried about by the parent. The ova are alwajre small as compared 
with those of Chondrichthyes, never exceeding 5-10 nun.- in diameter, and being 
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usually much smaller. They are rarely protected by an egg-shell. They 
are produced in immense numbers, a single female sometimes laying several 
millions : in such cases the mortality among the unprotected embryos and 
young is immense. The eggs may be pelagic, i.e. so light as to float when laid, 
as in the Cod, Haddock, Turbot, Sole, etc. ; or demersal, i.e. so heavy as to sink 
to the bottom, as in the Herring, Salmon, Trout, etc. In some cases 
(Chilohranchus) they become cemented to the surface of a rock. 

In all the Ganoids hitherto investigated, with the exception of Lepidosteus, 
cleavage is complete. In Acipenser and Amia (Fig. 257, A and B) it is very 
unequal, the macromeres being immense as compared with the micromeres : 
in Polypterus it is subequal at first, becoming unequal later : the process may 
be said to be intermediate between the holoblastic and meroblastic t3rpes. In 
Lepidosteus (Fig. 257, C) the segmentation is meroblastic, the fissures not 
extending much beyond the equator of the egg. In Teleostei segmentation is 



Fig. 258. — Polypteras bichir. Head of advanced larva. E.G. external gill. 
(From Dean, after Steindachner.) 


always partial and discoidal. The general features of development are much 
the same as in the Trout, except that in the Sturgeon and Polypterus, as in 
Craniates in general, there is an open medullary groove which becomes closed 
in to form a medullary canal. There is frequently a metamorphosis : in Lepi- 
dosteus, for instance, the newly-hatched young is provided with a sucking- 
disc, and the proportions of the head are quite different from those of the adult. 
In the larval Sturgeon provisional teeth are present, and in many Teleostei the 
young differ from the adult in the presence of large spines. The pelagic larvae 
of Eels are strongly compressed, perfectly transparent, and have colourless 
blood. They are sometimes known as “ Glass-fish,” and were formerly placed 
in the gemls Leptocephalus, their real nature being unknown. Polypterus 
(Fig. 258), has external gills, as in Dipnoi and Amphibia {vide infra), and the 
same holds good of CoUtis, Heterotis, and Gymnarchus among the. Teleostei. 


CLASS CHOANICHTHYES.i 

Although in point of numbers and vauriety this class has never approached 

the Actinopterygii, and is, at the present time, reduced to one recently dis- 

^ This term is adapted from Romer. C. L. Hubbs has suggested the term Amphibibidei 
" Science/' New Series, XLIX, igig. 
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covered Actinistian and to the few species of Dipnoi, themselves members of 
a side line, it has been of the greatest importance, in that it gave rise to 
all the land living vertebrates of the world. 

The apparently trivial feature that made this enormous change possible 
was the acquisition of a nostril inside the mouth, whereby the lung, already 
in partial use, was enabled to assume a much greater rdle. 

The cosmoid structure of the scales and head bones is a characteristic 
feature. The general anatomy of the soft parts can be presumed, allowing 
for some specialisations and degeneration, from the still-living lung-fishes. 

The earliest appearance of the Choanichthyes is during the Middle Devonian 
period by which time three separate orders, the Rhipidistia, Dipfioi, and only 
a little later the Actinistia were already clearly established. Th6 Rhipidistia 
and Actinistia together form the old group known as the Crossopterygii (after 
the removal of Polypterus to the Actinopterygii). 

Sub-class Crossopterygii. 

Order Rhipidistia. 

Although the members of this order are in some respects too sj>ecialised 
to be themselves ancestral to the other two, or to the Tetrapods, the order 
may nevertheless be considered as the central one from whose earlier less 
specialised roots the other two and the Tetrapods branched off on their own 
lines of evolution. 

OsteoUpis macrolepidotus (Figs. 259, 260), the earliest species that is well 
known, may be described as illustrating all the main features of the class, as 
well as the particular features of the order. As compared with a primitive 
Actinopterygian, such as Palaoniscus, there are several points of difference, 
beside those of the internal nostril and scale structure already mentioned, such 
as two dorsal fins instead of one, a smaller eye with numerous sclerotic plates 
and paired fins of the archipterygial type with a single basal element 
articulating with the shoulder-girdle. The dentition shows two peculiar 
features. The premaxilla, maxilla and dentary are supplied with a number 
of small, sharp, conical teeth, such as occur in many fishes, but the prevomer, 
palatine and ectopterygoid have, in addition, a series of larger teeth of a 
characteristic structure and method of replacement. The dentine is much 
folded and replacement is alternate, a second tooth growing up beside the 
first, so that there is a large and a small socket side by side. It is interesting 
that these two features have also been transmitted from some earlier ancestor 
to the tetrapods, as is shown by the " lab3ninthodont ” teeth of the early 
amphibia. 

The tail of the Rhipidistia having a small epichordal lobe is partly hetero- 
cercal. The composition of the skull is, in general, not unlike that of a 



286 


ZOOLOGY 


palaeoniscid, but there is one important and characteristic point of difference, 
in that in all Crossopterygii there is a line running transversely across the skull 
between the fronted and parietal bones which divides it into two portions. 
This feature alone would prevent any known crossopterygian from being 
regarded as ancestral either to the dipnoan or tetrapod lines. 



Fig. 259. — Osieolepis macrolepidotiu. A, dorsal; B, side views. Ang, angular; CUi, 
cleithnim ; D. dentary ; JD. Sph. dermosphenotic ; Ext. L. Ext. M. or E, extrascapulars ; Fr. 
frontal ; Gu. gular ; I. T. intertemporal ; /«. jugal ; La. lachrymal ; Lat. Gu. lateral gulars ; 
Md. mandible; M. Gu. median gular; Mx. maxilla; Na. nasal; Op. opercular; Pa. parietal; 
P. Gu. principal gular ; P. O. post-orbital ; P. Op. pre-opercular ; P. Ros. post-rostral ; P. sP. 
post-splenial ; Qu. J. quadrato-jugal ; S. Ang. sur-angular; 5 . 0 . supra-orbital ; 5 . op. sub- 
opercular ; Sp. splenial ; Sq. squamosal ; 5 . T. supra-temporal ; n. external nostril ; p. pineal 
foramen, (After Save-^derbergh.) 



Fig. 260. — Osteolejiii maordepidotiis. (After Traquair.) 

There is likewise a curious feature of the skull bones and scales which is 
observable both in crossopterygians and early dipnoans in that there is an 
alternate deposition and resorption of the outer layer of cosmine during the 
life of the individual fish. As much of the detailed classification of the 
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crossopterygii has been based on the structure of the scales, the recognition 
of this phenomenon ^ is likely on fuller investigation to alter considerably the 
current views on the composition of the order, which is at present divided 
into four families, the Osteolepidae {Osteolepis (Fig. 260), Megalichthys, 




E.Sc. SX Pa. I.T. Fr 



Fig. 261. — Diplopterax trailli. Ang. angular; Clei, cleithrum; £>. dentary; D. Sph, dermo- 
sphenotic ; Ext, L. Ext, M, or E, extrascapulars ; Fr. frontal ; Gu, gular ; [, T. intertemporal ; 
Ju. j[ugal ; La, lachrymal; Lat. Gu, lateral gulars; Md. mandible; M. Gu. median gular; Mx. 
maxilla ; Na, nasal ; Op, opercular ; Pa. parietal ; P. Gu, principal gular ; P, 0 , post-orbital ; 
P, op, pre-opercular ; P. Ros, post-rostral ; P. sp, post-splenial ; Qu, J, quadrato-jugal ; S, Ang, 
sur-angular ; S. O, supra-orbital ; S. op. sub-opercular ; Sp. splenial ; Sq. squamosal ; S. T. supra- 
temporal ; n, external nostril ; p, pineal foramen, (After Westoll.) 

Thursius, etc.). The Rhizodontidae {Eusihenopteron, Rhizodus, Sauripterus, 
Glyptopomus, Diplopterax (Fig. 261), etc). The Urostheneidae [Urosthenes) and 
the Holoptychiidae (Holoptychius) (Fig. 262), Glyptolepis. 


Order Actinistia. 

The Actinistia, represented by the single family of the Coelacanthidae, are 
a side-line of the Choanichthyes, ranging from the Upper Devonian to the 
present day. With the same general organisation of skull and scale 

^ T. S. Westoll, Geological Magazine, April 1936. 
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structure as the Rhipidistia, the group acquired some very definite specialisd- 
tions of its own, the structure of the fins and tail and the peculiar feature of 
an ossified air-bladder being highly characteristic. The paired fins have the 
appearance, superficially at least, of an actinopterygium. There is a short, 
blunt and scale-covered lobe around which the fin-rays are attached as a fan. 
There is, however, an internal skeleton, which consists of a single basal piece 
attached to the shoulder-girdle, which is followed by a few axial pieces around 
which the fin-rays are arranged, so that the fin appears to be essentially 
mesorhachic or archipterygial. The pelvic fin in some of the later forms 
{e.g., Lawgia) has moved forwards and become attached to the pectoral girdle. 




Fig. 262. — HolOptychilUl flemingi. Ang. angular; Clei. cleithrum; D. dentary; D, Sph. 
dermosphenotic ; Ext, L. Ext, M. or E, extrascapulars; Ft, frontal; Gu, gular; I,T, inter- 
temporal ; Ju, jugal ; La, lachrymal ; Lat, Gu, lateral gulars ; Md, mandible ; M. Gu, median 
gular ; Mx, maxilla ; Na, nasal ; Op. opercular ; Pa, parietal ; P. Gu. principal gular ; P. 0 , 
post-orbital ; P. Op. pre-opercular ; P. Ros. post-rostral ; P. sp. post-splenial ; Qu, J. quadrato- 
jugal ; S. Ang. sur-angular ; S. O, supra-orbital ; 5 . op. sub-opercular ; Sp. splenial ; Sq. squam- 
osal (double in Holoptychius) ; S. T. supra-temporal ; n. external nostril ; P. pineal foramen ; 
X, additional cheek bones in Holoptychius. (After Westoll.) 

just as in the later acanthopterygian teleosts, a case of convergence. Of the 
two dorsal fins the anterior is supported by. a bony plate, the posterior by a 
bony structure not unlike that of the pectoral fin. The tail is diphycercal, 
with a small central projecting lobe, and the fin-rays are attached each one 
singly to a dorsal or ventral spine of a vertebra, which is another point of 
convergence with the later teleosts. The vertebral column, apart from the 
spines, is imossified and the notochord is unconstricted. 

The skull, while showing a number of specialisations, is like that of the 
Rhipidistia in having the hinge on the dorsal surface between the parietals 
and frontals. This feature, together with the traces of cosmoid covering 
<rf the bones and scales, is good evidence of the common ancestry of the 
two orders. While these sheets were going through the press the surprising 
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news arrived of the discovery of a still living species of Coelacanth. Only the 
skip has been preserved, but in all the external features this specimen, Laiimeria 
chaluntUiB, closely resembles Macropoma and Undina. 



Fig. 263. — ^Undina penioilUta. J, jugal plates. (From Smith Woodward.) 



Fig. 264. — LatinMiia dutlamiUB. A living Ccelacanth. The arrow points to the opening of 
the spiracle. (By courtesy of Dr. J. L. B. Smith.) 


It was found i£ 40 fathoms off East London, South Africa, and will be 
described by Dr. J. L, B. Smith in the Transactions of the Royal Society of 
South Africa. Representative examples are Cadacanthus, Undina (F^. 263), 
Macropoma, Laugia, etc., and the living LaUmeria (Fig. 264). 

VOD. II. 


u 


ZOOLOGY 


290 


Sub-elass Dipnoi (Dipneusti Dipneumones). 

The third order of Choanichthyes, the Dipnoi, still has a few living 
representatives in the " Lung-fishes ” — i.e., Ceratodus, the “ Burnett Salmon ” 
of Queensland, Protopterus of Africa and Lepidosiren of South America. The 
name of the order, given before the structure of the extinct t5^s was fully 
known, refers to the two nostrils which are a feature of the Choanata as a 
whole. A study of the living members throws considerable light on the 
probable anatomy of the soft parts of the extinct forms. Not only do these 
animals breathe by means of gills, like ordinary Fishes, but they have a 
highly-developed apparatus for the respiration of air — ^a lung or lungs — ^with 
an arrangement of the circulation co-ordinated with this, such as in other 
groups is indicated only in Polypterus and Amia. They have bony scales and 
dermal fin-rays, but the paired fins, unlike those of any other Fishes, with the 
exception of certain extinct Chondrichthyes and Crossopterygians, are con- 
structed on the biserial t5^e (“ archipterygium,” see p. 79). 

With some special features of their own the Dipnoi combine characteristics 
in which they resemble now one, now another, of the other groups of fishes, 
together with a few in which they approach the next class of vertebrates to 
be dealt with, viz., the Amphibia and even the higher vertebrates. The 
brain and the heart are quite peculiar : the former in its undivided, or almost 
undivided, mid-brain ; the latter in its partially divided atrium, and spirally- 
twisted conus. The pallium of the cerebral hemispheres in the Dipneumona 
with its layers of nerve-cells has no parallel among the lower Vertebrates. 

The order, of which the first genus and species Dipterus valenciennesi 
(Figs. 265 A, 266) occurs in the Middle Devonian, is as early as any of the bony 
fishes. It was never a large one, but a succession of genera is known which 
leads without difficulty to the modem species. A number of characters is 
common to all members of the order. The internal nostril, cosmine covering 
of the bones and scales and the mesorhachic fin show that the Dipnoi 
evolved originally from an ancestor in conunon with the other Choanichthyes. 
Tfie autostylic jaw suspension and characteristic pattern of the teeth are 
peculiar to the order. During the long history of the group its component 
members, while retaining all the essential anatomical features, show a gradual 
degeneration of certain parts, notably in the bones of the skull and a loss of 
cosmine and an alteration from the normal two dorsal fins and heterocercal 
tail to the alnflost eel-Kke body of the latest member, Lepidosiren, with its 
fused dorsal fins, gephyroeercal tail, thread-like paired limbs and reduced 
scales (Fig. 267). 

Dipterus valenciennesi, the most primitive form, has a ^dy covered with 
stout cycloid scales covered, as are the bones of the head, with cosmine. The 
archipterygial paired fins are moderately long, there are two small dorsal fins, 
a heterocercal tail with a small epichordal lobe and an anal fin. The skull 
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(Fig. 266) is completely roofed in by bones so numerous that their homologies, 
especially of those in the front region, with the head bones of other fishes are 
difiicult to make out. There are no premaxillae or maxillae, and the bones 
of the palate au:e firmly fixed to the neurocranium to produce the autosystylic 
condition. There is a double series of gular bones between the rami of the 
lower jaws. The upper teeth aure borne on the vomers and palato-pterygoids, 
the former small, the latter a larger series of tubercles arranged as a pair of 



Fig. 266. — ^Diptetni TalendenneiL a. dorsal; b. ventral; c, lateral views; d, palate; 
e, lower jaws. (Alter Graham-Smith and Westoll.) 

fans. These palatal teeth eventually in later forms fuse into the characteristic 
tooth plates. A single pair of tooth-plates of corresponding pattern are 
carried on the lower jaws by the splenials (Figs. 266, D, E). 

Dipterus shows an interesting feature in the life-history of its individual 
specimens. Originally there were described two species of the genus, D. 
piatycephalus and D. valendennesi, both found preserved in the same horizons. 
The specific differences between the two lay in the fact that D. piatycephalus 
had a completely bony snout, and the bones of the head and the scales are 
covered by a tWck, smooth and finely pitted outer layer of cosmine, which 
hides the underlying pattern of the scales, whereas D. valendermesi has the front 
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part of the snout without bone and the scales lack the outw layer, so that the 
pattern is clearly visible (Fig. 266, a). It now appears that these apparently 
different conditions are to be explained as seasonal differences of a single 
species (D. valenciennesi). At recurring intervals during the life of the fish 
the outer layer of cosmine is resorbed to allow of growth to take place and is 
then redeposited. Specimens have been found in the intermediate condition 
(see T. S. WestoU, loc. cit., p. 287). This phenomenon is known to occur in 
other Choanichthyes, and may prove to be a widespread occurrence in the 
class and to have a material effect on our ideas of classification. 

Representative genera of Dipnoi are Dipterus (Middle Devonian), Pent- 
landia, Phaneropleuron, Scaumenacia (Upper Devonian), Uronem^s (Lower 
Carboniferous), Conchopoma (Lower Permian). Ctenodus, Sagenodus (Carbon- 
iferous and Permian). Of the living forms Ceratodus is known from the 
Triassic onwards and Protopterus from the Miocene. 

I. Example of the Sub-class — Epiceratodus {Ceratodus, Neoceraiodus) forsteri. 

The Ceratodus or " Burnett Salmon ” (Fig. 268) is the largest of the 
Dipnoi, attaining a length sometimes of 4 or 5 feet. It occurs at the present 
day only in the Burnett and Mary Rivers in Queensland, but fossil teeth ^ 
referred to the same or nearly related genera have been found in abundance 
in Palaeozoic and Mesozoic beds in Europe, America, the East Indies, Africa, 
and Australia. Ceratodus forsteri lives in still pools in which„the water in the 
dry season becomes extremely stagnant and overladen with decomposing 
vegetable matter; and at that season it is only by rising to the surface 
occasionally, and taking air into its lung, that it is enabled to obtain sufficient 
oxygen for purposes of respiration. Its food consists of such small animals 
as live among the water-plants and decaying leaves, and in order to obtain a 
sufficient amount of such food, it swallows relatively large quantities of 
vegetable matter, which passes with little or no alteration through its enteric 
canal. Its movements are for the most part very sluggish, and are chiefly 
effected by the agency of the tail-fin. The paired fins are employed in steering 
and balancing and in the ascending and descending movements : owing to 
their great flexibility they are entirely incapable of supporting the body when 
the fish is removed from the water, but the pectoral fins may be employed 
as props when it lies in a resting condition at the bottom. 

External Characters. — The body is fish-like with a di phycerc al caudal 
fin. The surface is covered vrith thin, bony, imbricated cycloid scales, 
very large on the head and trunk, somewhat smaller towards the tail end, 
and very much smaller over the fins and the posterior part of the operculum. 

The limbs have a diaracteristic shape, being in the form of two pairs of 

* Tho fttsion of tbe teeth into a large and a small pair of plates in the upper jaw and a pair in 
the lower is characteristic of the group from the earliest penod. 
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elongated, leaf-like, pointed paddles. ITie marginal parts of the paired fins 
and the whole extent of the unpaired or caudal fin are supported by a double 



series of slender fibre-like unjointed, partly ossified, dermal rays [camptotrichia), 
which are much more numerous than the endoskeletal rays and which are 
covered by small surface-scales. 
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The mouth is situated on the ventral surface of the head, close to the 
anterior extremity of the snout. The external nares differ from those of 
other Vertebrates in being situated immediately outside the aperture of the 
mouth, enclosed within the upper lip. A pair of internal nares opens not far 
behind them into the anterior part of the mouth-cavity. At the root of the 
tail is the cloacal aperture with an abdominal pore on either side of it. There 
is an operculum similar to that of the bony fishes, with a single slit-like 
branchial aperture behind it. There are no spiracles. There is a well-marked 
lateral Une. 

Endoskeleton. — ^The spinal column (Fig. 269) is represented by a persistent 
notochord, enclosed in a thick fibrous sheath, together with neural and 
hxmal arches. 



Fig. 269.y-~Ceratod^ foisteri. Lateral view of the anterior portion of the skeleton. A 
anterior median investing bone of the roof of the skull ; B, posterior median investing bone ; C, 
inner lateral investing bone ; has, basal cartilage of the pectoral fin ; hr, branchial arches ; dent, 
tooth of lower jaw ; hy. hyoid arch ; int, interoperculum ; lam, plate overhanging branchial region ; 
mck, Meckel's cartilage ; occ, rh. occipital rib ; op. operculum ; pal, palatoquadrate ; pet. pectoral 
arch ; rhs. ribs ; mh. orb. sub-orbital bones ; sq, so-called squamosal ; supra, sc. post- temporal. 


A series of neural or basidorsal cartilages form the bases of the neural 
arches, and haemal or basiventrad cartilages are similarly related below to at 
series of pleural ribs in the precaudal region, and to a series of haemad arches 
in the caudal. These two sets of basal cartilages are not precisely opposite 
throughout, and regulaurly alternate for some distance in front. They aure 
embedded in the sheath of the notochord, but no centra are formed, and the 
notochord, though pressed upon above and below by the series of baisad 
cartilaiges, is not constricted in the usual annular manner. At the posterior 
end it becomes surrounded by cartilage. The neural and hjemal arches are 
ossified ; each is surmounted by a rod-like neural or haemal spine which forms 
part of a continuous three-jointed ossified rod, the proximal segment being 
the spine, and the two others radials. The pleural ribs are curved bony rods 
extending downwards and somewhat backwards in the body-wall immediately 
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outside the peritoneal membrane, like the pleural ribs of the bony fishes. 
The first pair — ^the occipital ribs — (Fig. 269, occ. rb.), thicker and straighter 
than the rest, are connected with the skull in its vertebral portion. 

The skull (Figs. 269, 270, and 271) consists of an undivided mass of 
cartilage, devoid of fontanelles, narrowest between the orbits, ajad broadening 
before and behind ; posteriorly it is prolonged into a plate {lam.) overhanging 
the branchial region. Embedded in the cartilage of the posterior part are a 
pair of small replacing bones which appear to represent the most anterior of 
the spinal elements fused with the skull. On the upper surface are two 



ari 


Fig. 270. — Centodos fonteri. Porsal view 
of the skull. A, anterior median investing 
bone ; art, articular surface for second fin-ray ; 

posterior median investing bone ; C. inner 
lateral investing bone ; lab. labial cartilages ; 
lam. process projecting over gills ; ’ op. oper- 
culum ; pr. orb. pre-orbital process of chondro- 
cranium ; sb. or. sul>orbital bones ; sq. outer 
lateral investing bone. (After Huxley.) 


d* 



Fig. 271. — Cexatodns fonteii. 

Ventral view of the skull, c, occipi- 
tal rib ; d» palatine teeth ; d\ 
vomerine teeth; na. anterior and 
posterior nares; P. palatine region 
of palatopterygoid ; P. Sph. para- 
sphenoid ; Pt. pterygoid ; Qu. quad- 
rate region ; Vo. vomer. (From 
Dean, after Gunther.) 


unpaired {A and B) and four paired (C and sq.) investing bones, the homologies 
of all of which are undetermined. Premaxillae, maxillae, and nasals are absent. 
On the ventral surface is a large investing bone (Fig. 271, P.Sph.) representing 
the parasphenoid of the teleosts. In front is a pair of small upper labiad 
or nasal cartilages. A paJatoquadrate cartilage (Fig. 269, pal.), firmly fixed 
to the side-wall of the cranium, gives attachment to the mandible, so that 
the skull is autostylic ; the quadrate element is distinct in the larva and 
independently developed. In front the palatoquadrate contains a palato- 
ptoygoid -ossification whidi forms the support for the large composite tooth 
of the upper jaw. The mandible consists of Meckel's cartilage with an rmgular 
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bone behind, and a large splenial, which bears the tooth, in front. The 
dentary is vestigial. The hyomandibular is only represented by a small 
vestige. Opercular {op.) and interopercular [int.) bones support the operculum. 
The hyoid {hy.) and branchial arches {pr.) are cartilaginous. Of the latter, 
four are completely developed, and a fifth is represented by a vestige. There 
are no branchial rays, but the branchial arches bear a series of gill-rakers with 
cartilaginous supports. 

The pectoral arch (Fig. 269, pet.) is a stout cartilage with two pairs of 
investing bones, the clavicles on the coracoid, and the cleithra on the scapular 
regions. The latter are connected with the skull by post-temporals. The 
skeleton of the pectoral fin consists of a stout basal cartilage {has.), an 
elongated, tapering, central axis made up of a number of short cartilaginous 
segments, and two rows of jointed cartilaginous rays extending out on either 



side of the axis so as to support the middle part of the expanse of the fin. 
The pelvic arch is a single cartilage, produced forwards into an elongated 
rod-like epipubic process (Fig. 272). The skeleton of the pelvic fin is similar 
to that of the pectoral. 

Digestive Organs. — ^The teeth (Fig. 271) are of a remarkable and characteristic 
shape. There are two pairs of large compound teeth of similar character, one 
pair (the palatine, on the roof of the mouth (palatopterygoid bone) and the 
other {splenial) on the lower jaw. Each is a curved plate with the convex 
border, which is directed inwards and somewhat backwards, entire; while 
the concave border presents a series of six or seven vertical, ridge-like pro- 
jections or cusps. In addition to these, there are, in front of the palatine 
pair, a pair of much smalla:, simple, somewhat chisel-like ’vomerine teeth {d') 
placed close together and directed vertically. In the embryo each tooth is 
represented by a number of separate denticles which subsequently coalesce. 

In ihib enteric canal the chief feature of .special interest is the presence, 
tiupOughout the length of the intestine, of a spiral valve similar to that of the 
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Elasmobranchs and “Ganoids.” The rectum opens into a small cloaca. A 
pair of abdominal pores open just behind this. 

Organs of Rea^iration. — Ceratodus combines aquatic respiration by means 
of gills similar to those of ordinary fishes, with agrial respiration by means of 
a lung. 

There are four pairs of giUs, each consisting of a double row of gill- 
filaments supported on the branchial arches. A rudimentary hyoidean gill or 
Pseudohranch is present as well. The lung (Fig. 273) is an elongated median 
sac connected by a pneumatic duct with a muscular chamber or vestibule 

opening into the oesophagus on its ventral side by a 
slit-like aperture or glottis. The internal surface of 
the lung is sacculated, and a regularly-arranged series 
of blind pouches opens out of the main central cavity. 
This lung of Ceratodus corresponds morphologically to 
the air-bladder of Ganoids and Teleosts, but differs 
from it in its blood-supply and consequently in its 
function, being supplied with blood by a special paired 
pulmonary artery (as is also the case in Polypterus) 
and acting as an important organ of respiration. 

Blood-Vascular System. — Co-ordinated with the 
existence of a lung and distinct pulmonary circulation, 
is a complication in the structure of the heart. The 
sinus venosus is imperfectly divided into two parts, 
and the cavity of the atrium is divided into two by 
an incomplete septum in the form of a ridge. The 
venous blood enters the right-hand division of the 
sinus venosus and passes thence through the right- 
hand division of the atrium to the ventricle; the 
pulmonary vein, by which the blood is returned from 
the lung, passes through the sinus, and its blood 
reaches the ventricle through the left-hand division of 
the atrium. There are no atrio-ventricular valves 
guarding the opening between the atrium and the ventricle. A contractile 
conus arteriosus is present, £md has a remarkable spirally-twisted form ; in its 
interior are four longitudinal rows of valves, one of which is modified to form 
an incomplete longitudinal septum. The channel on the left side of this 
septum, which receives the blood of the pulmonary vein, is in communication 
in front with the first two aortic arches (afferent branchials), that on the 
right with the last two. 

The blood-vessels (Fig. 274) present an arrrangement which is intermediate 
in some respects between that which has been already described as observable 
in the Chondrichthyes and that which will be found to characterise the 



Fig. 273. — Centodos 
lorsterL Posterior half of 
the lun^ with the ventral 
wall slit up so as to 
show the interior. (After 
Giinther.) 
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Amphibia. The four afferent branchial arteries [aff.) take their origin close 
together, immediately in front of the conus, so that a ventral aorta can hardly 
be said to exist. Each branchial arch has two efferent branchial arteries. A 
hyoid artery [hy. art.) is connected with the most anterior of these. The eight 
efferent vessels unite in pairs to form four epibranchial arteries {epi.). The 
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Fig. 274. — ^Ceratodus ioxsteri. Diagrammatic view of the heart and main blood-vessels, as 
seen from the ventral surface, aff. i, 2,3, 4, afferent vessels ; i hr, 2 hr, 3 hr, 4 hr, position of gills ; 
c. a, conus arteriosus ; d. a. dorsal aorta ; d. c. precaval vein ; epi. j, epi 2, epi. 3, epi. 4, epi- 
branchial arteries ; hy. art. hyoidean artery ; i. v, c. postcaval vein ; /. ant. car. left anterior carotid 
artery ; 1. aur. left atrium ; /. br. v. left brachial vein ; 1 . jtig. v. left jugular vein ; 1 . post. car. 
left posterior carotid artery ; /. post. card, left cardinal vein ; 1. pul. art. left pulmonary artery ; 
/. sc. V. left subscapular vein ; r. ant. car. right anterior carotid artery ; r. aur. right atrium ; 
r. br. y. right brachial vein ; r. jug. right jugular vein ; post. car. right posterior carotid ; r. pxd. 
art. right pulmonary artery ; r. sc. v. right subscapular vein ; vent, ventricle. (After Baldwin 
Spencer.) 


latter unite dorsally to form a main trunk, which combines with the corres- 
ponding trunk of the opposite side to form the median dorsal aorta {d. a.). 
The head is supplied by carotid branches given off from the first epibranchial 
(L post. car. and r. post, car.) and from the hyoidean arteries (/. ant. car. and 
r. ant. car.), and the latter also gives off a Ungual artery to the tongue. From 
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the last (fourth) epibranchial artery arises the pulmonary artery {1. pul. art. 
and r. pul. art.), carrying^ blood to the lung. 

There are two precavals or ductiks Cuvieri {d. c.), as in the Dogfish (p. 189). 
The right is formed by the union of jugular (/. jug. v. and r. jug. v.), brachial 
{1. br. V. and r. br. v.), and subscapular veins {l.sc. v. and r. sc^ v.). The left 
receives in addition a left cardinal vein {1. post card.). A large lateral cutaneous 

vein, running superficially along the side of tlie body, 
opens into the sub-scapular. 

A large postcaval vein {i. v. c.) brings back the 
greater portion of the blood from the posterior parts 
of the body ; it is situated somewhat to the right of 
the middle line, and opens into the sinus venosus 
between the two hepatic veins. A postcaval occurs in 
the Dipnoi alone amongst fishes, but is universal in 
all the higher classes. Posteriorly the cardinal and 
the post-caval are formed by the bifurcation of a 
median caudal vein-, close to its origin each receives 
the efferent renal veins bringing back the blood from the 
kidney. The blood from the pelvic fin is brought back 
by an iliac vein which divides into two branches — 
pelvic and renal portal. The former, running forwards 
and inwards, unites mesially with the corresponding 
vessel of the opposite side to form a median abdominal 
vein — a vessel universal in the Amphibia, and perhaps 
corresponding to the lateral veins of theChondrichthyes ; 
it opens into the sinus venosus. The other branch — 
the renal portal vein — ^after receiving tributaries from 
the posterior region of the body passes to the corre- 
sponding kidney.^ 

Brain. — ^The whole brain (Fig. 275) is enclosed in 
a tough and thick membrane, which becomes glandular 
in two positions — on the roof of the diacoele, and on that 
of the metacoele. In the former position this glandular 
development of the enclosing membrane, or choroid plexus, passes downwards 
into the diaccele and is developed into a spongy mass which is prolonged 
forwards to the anterior end of the prosencephalon. The prosencephalon 
{pros.) presents two elongated hemispheres, which are completely separated 
except posteriorly, where they are united by a narrow commissure. The 
contained cavity is divided into two by the prolongation of the choroid plexus 
already referred to. The nervous wsill of the hemisphere {^allium) is very 

^ How far this arrangement combines Fish-like and Amphibian characters will be best 
undmtood at a later stage. 



mCi-cL 

Fig. 275. — Brain of 
Ceratodns xorsteri, dorsal 
view, aud, auditory nerve ; 
cbl, cerebellum; dia, di- 
encephalon ; ]ac, facial 
nerve; glossopharyn- 
geal ; med. medulla oblon- 
gata ; meso. mesence- 
phalon ; oc, oculomotor 
nerve ; opt, optic nerve ; 
pros, prosencephalon; rh, 
rhinencephalon (olfactory 
lobe with olfactory tract 
and bulb) ; vg, vagus 
nerve. (Chiefly after 
Sanders.) 
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tMn and is incomplete dorsally and internally : basally it forms a massive 
Puberculum olfactorium from which the olfactory nerve-fibres are derived. 
There is a pair of large olfactory lobes {rh.), each with its cavity, and each 
prolonged into an olfactory peduncular tract, which ends in front in an 
olfactory bulb in close apposition with the nasaL capsule. 

The pineal body is situated on the summit of a conical membranous cap 
on the roof of the third ventricle. The infundibulum develops a pair of lobi 
inferiores. The mesencephalon {meso.) is bilobed, but the division is not 
strongly pronounced. The cerebellum {cbl.) is very small, being little more 
than a transverse bridge of nerve-matter over the anterior end of the fourth 
ventricle. The medulla (ed.) is of relatively large size. 

Ulinogenital Organs. — ^The kidneys are short, being confined to the posterior 
portion of the body-cavity, and are firmly attached to the ovaries or testes. 
Each has a thick-walled duct which joins its fellow, the passages, however, 
remaining distinct to near the opening into the urinogenital division of the 
cloaca, when the right opens into the left. 

There are two elongated ovaries (Fig. 276, 1 . ov., r. ov.), which remain 
distinct throughout. The oviducts { 1 . ovd. and r. ovd.) are a pair of thick- 
walled, greatly convoluted tubes which extend along the whole length of the 
body-cavity, into which they open in front [cccl. ap.) ; posteriorly they coalesce 
immediately before opening into the cloaca. The testes are long, compressed 
bodies which remain distinct from one another throughout their length. The 
efferent ducts from the testes open into certain of the tubules of the meso- 
nephros, and the sperms are thus enabled to pass out through the mesonephric 
duct. The Mullerian ducts in the male are remarkably well-developed. 

In the early stages of its development (Fig. 277) Ceratodus exhibits 
resemblances, on the one hand, to Petromyzon (p. 144), and on the other to 
the next class to be studied — the Amphibia. The ova become enclosed, while 
passing down the oviduct, in a gelatinous envelope which swells up con- 
siderably when it comes in contact with the water. At what stage fertilisation 
takes place is not exactly known. Cleavage is complete and unequal, and 
results in the formation of a lens-shaped blastula {A) with smaller cells on one 
of the convex surfaces (the future dorsal), and larger on the other (the future 
ventral). A blastopore ( 61 . p.) first appears on the dorsal surface as a short 
transverse slit, which grows into a semicircle (B) or a horse-shoe. The free 
ends of this grow in towards one another and unite to enclose an irregularly 
circular or elliptical space filled in by a mass of large cells — the yolk-plug {C, 
yk. pi.). Soon, however, this wide aperture becomes narrowed to a small 
longitudinal slit, the lips of the anterior part of which then unite, only the 
most posterior part remaining open (2>) and subsequently giving rise to the 
anus. A narrow medullary groove {E, bip. sut.) appears along the dorsal 
surface, and a pair of medullary folds are seen at the sides of the blastopore 
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Fig. 276. — €eratodfUl fonteri. Reproductive organs of female; the inner surface of the 
right and the outer surface of the left ovary shown, ccsl. ap, coelomic aperture of oviduct ; liv, 
portion of the liver ; /. ov, left ovary ; 1 . ov\ its posterior termination ; /. ovd* left oviduct ; 
r. 01/.* right ovary ; r. ovd, right oviduct ; r. ov\ its posterior termination. (After GUniher.) 
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(£) and are coalescent in front of it. From the medullary folds and the 
groove between them the neuroccele, and subsequently the entire nervous 
S3rstem, are developed as in Craniata in general (see pp. 95 sqq.). The portion 
of the blastoderm destined to give rise to the embryo becomes to a slight 
extent folded off from the rest, which forms an ill-defined rounded mass, or 
yolk-sac, to be subsequently absorbed as development proceeds. 



Fig. 277. — Ceratodos fonteii. Stages in the development. A, lens-shaped blastula; B, 
stage with semicircular blastopore (hi. p.) \ C, later stages in which the blastopore (bl. p.) has 
taken the form of a ring-like groove enclosing the yolk-plug (ylk. pi.) ; D, stage in which ^e 
narrow medullary groove (blp. sut.) has appeared with the rudiment of the medullary folds (med .) ; 
li, stage in which the medullary folds (med.') have become well developed ; F, later stage with 
well- formed head with two visceral arches (utsc.) and rudiments of eye (eye) and ear (aud .) ; pron. 
mesonephros. (After Semon.) 


2. Distinctive Characters and Classification. 

The Dipnoi are Pisces in which the notochord is persistent, there are no 
vertebral centra, and the primary cranium persists with little ossification, but 
has added to it a number of "investing bones. The skull is autostylic, the 
lower jaw articulating with a palatoquadrate process which is immovably 
fixed to each side of the skull. There are four to six cartilaginous branchi^ 
arches.- The dermal fin-rays are slender more or less ossified fibres, and are 
supported by numerous cartilaginous or ossified pterygiophores. The caudal 
fin is diphycercal. The paired fins are of the character of " archipterygia.” 
The pectoral arch is a single- cartilage with a pair of superficial investing bones 
on each side. The pelvic arch is well-developed and cartilaginous. There 
are gills attached to the branchial arches, and in addition a single or double 
lung opening into the oesophagus by a ventral aperture. The gills are covered 
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over by an operculum. There is a dermal skeleton in the form of overlapping 
cycloid scales. There is a distinct cloaca. The intestine contains a spiral 
valve. The atrium and the sinus venosus are each imperfectly divided into 

two parts. There is a contractile conus 



arteriosus, which has a spirally-twisted form, 
and is partly or completely divided internally 
by a longitudinal septum. The afferent 
branchial vessels take their origin close 
together immediately in front of the conus. 
A pulmonary artery is given off from the 
afferent branchial system on either side ; a 
pulmonary vein opens into the left division 
of the auricle. The optic nerves form a 
chiasma. The oviducts open anteriorly into 
the coelome. The ova are of moderate size ; 
segmentation is entire. 

The recent Dipnoi are classified as 
follows : — 

Order i. — Monopneumona. 

Dipnoi in which the lung is single, and 
the lateral jointed rays of the " archiptery- 
gium ” are well developed. 

This order comprises only the Australian 
Ceratodus (Fig. 268). 

Order 2. — Dipneumona. 

Dipnoi in which the lung is double, 
and the lateral rays of the " archiptery- 
gium ” are vestigial or absent. 

This order includes P»'ofo/><crMS (Fig. 278) 
of Tropical Africa, and Lepidosiren of South 
America (Fig. 267). 

General Remarks. 

The three genera of living Dipnoi are 


closely allied in all the most essential 


features of their structure, and it will only be necessary now to mention the 


principal points in which Protopierus and Lepidosiren differ ftom Ceratodus. 

The limbs (Fig. 278) are long and very narrow, and the limb-skdeton is 
correspondingly modified, consisting of a slender, jointed axis without, or 
with only vestiges of, the lateral rows of rays. A blind dorsal diyerticulom of 
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the cloaca, derived developmentally from the urinogenital sinus, is present, 
and perhaps corresponds to the sperm-sacs of the Chondrichthyes. There are 
two lungs, the anterior portions of which are united to form a median chamber, 
to which the presence of numerous trabeculae gives a spongy character. There 
are five (or six) reduced rod-like branchial arches, of which the last three bear 
the internal gills ; in addition there is a series of external gills in the larva, 
vestiges of which persist in the adult Proiopierns (Fig. 279, K). In the males 



Fig. 279. — Protoptems. Skull, shoulder-girdle, and skeleton of fore-limb. splenial; 

A F, pre-orbital process ; a and b (on lower jaw), and 5 .L. teeth ; b, basal cartilage of pectoral 
fin ; B, ligamentous band connecting the mandible with the hyoid ; co. ligamentous band connect- 
ing the dorsal end of the pectoral arch with the skull ; D, angular ; FP, frontoparietal ; Ht, 
membranous fenestra perforated by the foramen for the optic nerve (//) ; Hy. hyoid ; K, external 
gills ; Kn» cartilage of the pectoral arch ; KR, occipital rib ; LK and MK, investing bones 
of the pectoral arch ; NK, olfactory capsule ; Ob, auditory capsule ; Occ. supra-occipitS ; Op. 
and Op^, rudimentary opercular bones ; PQ, palatoquadrate ; Psp. Psp^. spinous processes of the 
anterior vertebrae ; S£. supra-ethmoid bone ; SK, roofing investing bones ; Tf. palatoquadrate 
cartilage; WW^, anterior vertebrae coalescent with the skull; I — V, branchial arches (that 
marked I is forked and the anterior bar may represent the first, in which case there are six branchial 
arches) ; J, 2, 3, segments of axis of pectoral fin ; ♦, ♦, vestigial lateral rays of pectoral fin. (From 
Wiedersheim.) 

of L e1)idosiren . vascular filaments, which may be accessory respiratory organs, 
are developed on the paired fins during the breeding season. The conus 
arteriosus is completely divided by a longitudinal septum. The pulmonary 
artery is given off from the point of union of the epibranchial arteries into a 
single lateral truni:. In Protoptems there is usually a single abdominal pore 
opening on the dorsal wall of the cloaca ; this leads into a cavity into which 
the true abdominal pores, which are very minute, lead. In Lepidosiren 
abdominal pores are absent. 

The brain in both Lepidosiren and Protoptems, as well as in Ceratodus, 
differs from that of fishes in general, and resembles that of Amphibia 
VOL. n. X 
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ill the presence of long and relatively narrow cerebral hemispheres. 
In ,the two former these have a pallium or nervous roof with a 
stratified layer of nerve-cells. In all the Dipnoi the part of the hemisphere 
(olfactory lobe and tuberculum) from which the olfactory nerve-fibres pass to 
the bulbus olfactorius is of relatively large size, but smaller in Protopterus and 
Lepidosiren. In Protopterus and Lepidosiren the olfactory tract is not dis- 
tinguishable, bulbus and lobus being in immediate apposition instead of being 
widely separated as they are in Ceratodus. In both these genera the dorsal 
part of the mid-brain is undivided. In both genera the kidneys are relatively 
more elongated than in Ceratodus ; in Protopterus the posterior portions are 
fused together ; in Lepidosiren they remain separate throughout. In both 
genera the elongated testes are distinguishable into two regions — an anterior 
longer, sperm-producing part, and a posterior shorter part which serves as a 
duct and a vesicula seminalis. In Lepidosiren about six vasa efferentia arise 
from this posterior region and enter the Malpighian capsules of the meso- 
nephros : in Protopterus there is only a single vas efferens. The ducts of the 
two kidneys open by a single aperture {Protopterus) or two separate apertures 
on the summit of a urinogenital papilla into the cloaca at the base of the 
cloaca! caecum referred to above. Many of the cellular elements, such as the 
blood-corpuscles, are of comparatively large size. There is holoblastic, but 
unequal, segmentation, as in Ceratodus, followed by a true invagination. A 
pair of medullary folds are developed, and between them is formed a median 
solid ectodermal keel in which a neuroccele only appears subsequently. The 
larva has well-developed external gills. 

CLASS AMPHIBIA. 

The Amphibia, the first vertebrates to become adapted to life on land, 
may be distinguished from the choanate fishes, their predecessors, by their 
pentadactyle limbs, by the absence of fin-rays in the unpaired fins when these 
are present and by the presence of a middle ear (see page 327). 

The class includes the frogs and toads, newts and salamanders, the worm- 
like Apoda and a number of extinct orders which are for convenience grouped 
together as the Stegocephalia, 

Typically the amphibia breathe by means of external gills in the larval 
stage and by lungs when adult, but the gills are retained by the adults oi some 
Urodeles, and the skin, which is usually naked, may play an important 
part in assisting respiration. Some modem amphibia, in fact, have lost both 
gills, and lungs, and depend entirely for respiration on the skin and bucco- 
phar3mgeal cavity. 

The skull is autosystylic (page 73), and the free hyomandibula has been 
eonverted into a columella auris, which lies in the upper part of the spiracle 
between the inner ear and the tympanic membrane stretched on the outer 
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part of the skull. In all but a few of the early forms there is an opening in the 
side of the ear capsule, the fenestra ovalis, through which the columella auris 
conveys sound-vibrations to the inner ear. 

A number of points should be noted with regard to the skeleton. The 
skull has become mov^ly attached to the vertebral column by means of either 
one, or two, condyles ; an interclavicle soon became added to the shoulder- 
girdle of the early forms to brace the two halves together, and the pelvis 
became attached to the vertebral column, typically by a single sacral vertebra. 
In all modern forms there are only ten intracranial nerves, but some of the 
Stegocephalia had twelve. 



Fig. 280. — Bans tempoiaiia. (From Mivart.) 


I. Example of the Class.' — The Common Frog {Rana 
temporaria) , or the Edible Frog {Rana esculenia). 

Rana temporaria is the common British species of Frog, found in ponds and 
damp situations all over the country, and occurring also in America; 
R. esculenta is the large green edible Frog found on the continent of Europe and 
occasionally in England ; R. pipiens is the commonest North American species 
of the genus. Other species of the same genus occur in all parts of the world 
except New Zealand, the southern part of South America, and the various 
oceanic islands. 

^ It has long been tlie custom to use the frog as an elementary type in the study of vertebrate 
morphology; largely because of its abundance and cheapness, and because of the clear demon- 
stration of many points of its internal anatomy, which are easily displayed by merely opening the 
body cavity. The student, however, must realise that the Anura are very specialised vertebrates. 
The skull is greatly modified by the reduction of several elements, and the whole of the post- 
cranial s^teleton is profoundly modified for jumping, and is far removed from a typical vertebrate 
condition. 
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External Characters. — ^The trunk is short and stout, and is continued, 
without the intermediation of a neck, into the broad, depressed head. There 
is no trace of a tail, the anus being terminal. The mouth also is terminal, and 
is characterised by its extraordinary width, the gape extending considerably 
behind the eye. On the dorsal surface of the snout are the small nostrils ; 
the eyes are large and prominent, and each is provided with an upper eyelid in 
the form of a thick fold of skin ; and a nictitating membrane, a much thinner fold, 
which arises from the lower margin of the eye and can be drawn up over it. 
Close behind the eye is a circular area of tensely-stretched skin, the tympanic 
membrane, a structure not met with in any fish : as we shall see, it is an 
accessory part of the auditory organ. There is no trace of branchial 
apertures. 

The back has a peculiar bend or hump, in the sitting posture, marking the 
position of the sacral vertebra. The limbs are of very unequal size. The 
fore-limbs are short, and each consists of an upper arm, which, in the ordinary 
position, is directed backwards and downwards from the shoulder-joint ; a 
fore-arm, directed downwards and forwards from the elbow; and a hand, 
ending in four short, tapering digits, directed forwards. The hind-limb is of 
great size; in the usual squatting posture the Mgh is directed downwards, 
outwards, and forwards from the thigh-joint, the shank inwards, backwards, 
and upwards from the knee. The foot consists of two parts : a tarsal region 
directed downwards from the heel-joint, and five long, slender digits imited by 
thin folds of skin or webs. Thus the limbs are placed in such a way that the 
elbow and knee face one another, and the first digit — that of the hand 
representing the index-finger, that of the foot, the hallux or great toe — ^is 
turned inwards or towards the median plane of the body. 

The skin is gre5dsh-brown in R. temporaria, greenish in R. esculenta, and is 
mottled, in both species, with dark brown or black ; in R. temporaria there is a 
large black patch over the tympanic region. Sexual differences occur in both 
species ; in R. temporaria there is a large, black, glandular swelling on the inner 
side of the hand of the male, and in R. esculenta the male has, at each ahgle 
of the mouth, a loose fold of skin, the vocal sac, which can be inflated from the 
mouth into a globular form. The skin is soft and slimy owing to the secretion 
of mucous glands ; there is no trace of exoskeleton. 

Endoskeleton. — ^The vertebral column (Fig. 281) is remarkable for its extreme 
shortness ; it consists of only nine vertebrae (V. 1 — V. 9), the last followed by a 
slender, bony rod, the urostyle (U. Sl*.). The second to the seventh vertebrae 
have similar characters. The centrum (B. c«.) is somewhat depressed and has a 
concave anterior and a convex posterior face — a form known as procoelous. 
Each half of the neural arch consists of two parts : a pillar-like pedicle {dp.) 
springing from the centrum and extending vertically upwards, and a flat, 
nearly horizontal lamina (Im.), forming, with its fellow, the roof of the iieutal 
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Fig. 281. — ^Baaa tempoiaria. A, the skeleton from the dorsal aspect; the left half of the 
shoulder-girdle and the left fore- and hind-limbs are removed, as also are the investing bone on 
the left side of the skull. Cartilaginous parts dotted. Names of replacing bones in tluck, those 
of investing bones in italic c^itals, other references in small italics, a, c, hy. anterior cornu of 
hyoid ; €lcS), acetabulum ; AST. astragalus ; b, hy, basi-hyal ; C. calcar ; CAIi. calcaneum ; EX. 
0€. exoccipital; FE. femur; fon, f on', fontanelles; FR, PA, fronto-parietal; HTJ, humerus; 
IL. ilium ; MX. maxilla ; olf, cp, olfactory capsule ; ot, pr, otic process ; p. c, ky; posterior cornu 
<>f hy pid i ; PMX. premaxilla; PR, OT. pro-otic ;bC7.y (7. quadrato-jugal ; BA.UL. radio-ulna; 
S^.eTH. sphenethmoid ; SQ, paraquadrate ; S.SCP* supra-scapula ; sus, suspensorium ; TI.FI. 
tibio-hbula ; tr, pr. transverse process ; UST. urostyle ; V. 1 , cervical vertebra ; V.9, sacral verte- 
bra,* VO, vomer; //— F, digits of hand; /, the prepollex, a sesamoid bone; I — F, digits of 
hind foot. B, the fourth vertebra, anterior face, a, zyg, anterior zygapophysis ; cn. centrum ; 
Im. lamina ; n, sp, neural spine ; pd. pedicle ; fr, pr. transverse process. (After Howes, slightly 
altered.) 
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canal. When the vertebrae are in position, wide gaps are left between successive 
pedicles these are the intervertebral foramina, and serve for the transmission 
of the spinal nerves. The zygapofltyses {a. zyg.) or yoking processes are far 
better developed than in any fish ; they spring from the junction of pedicle 
and lamina, the anterior zygapophysis having a distinct articular facet on its 
dorsal, the posterior on its ventral surface. Thus when the vertebrae are in 
position the posterior zygapophyses of each overlap the anterior zygapophyses 
of its immediate successor. Laterally the neural arch gives off on each side 
a large outstanding transverse process {tr. pr.) ; its crown is produced into a 
very small and inconspicuous neural spine {n. sp.). 

The first or cervical vertebra (V. 1) has a very small centrum and no transverse 
processes. There are no anterior zygapophyses, but at the junction of centrum 
and arch occurs on each side a large oval concave facet for articulation with 
one of the condyles of the skull {vide infra). The eighth vertebra has a bicon- 
cave centrum ; that of the ninth or sacral vertebra (V. 9) is convex in front and 
presents posteriorly a double convexity articularing with a double concavity 
on the anterior end of the urostyle. The latter (U. ST.) is formed by the 
ossification of the perichordal tube (see p. 69), which, in this region of the 
vertebral column, does not become segmented into vertebrae. 

The skull (Figs. 281 and 282) consists of a narrow brain-case, produced 
behind into great outstanding auditory capsules, and in front into large olfactory 
capsules. The whole of the bones of the upper jaw are immovably fixed to the 
cranium, so that the only free parts are the lower jaw and a small plate of mingled 
bone and cartilage, the hyoid apparatus, which lies in the fioor of the mouth 
and is the sole representative in the skull of the entire hyobranchial or gill- 
bearing skeleton of fishes. 

As iii the Trout, a number of investing bones can be removed from the skull 
without injury to the underl3dng chondrocranium. The latter, however, is 
not, as in the Trout, the primary cranium alone, but, as in the Dipnoi, the 
primary cranium plus the palatoquadrate or primary upper jaw. The cranium 
in the strict sense includes the brain-case and the auditory and olfactory 
capsules : the palatoquadrate {pal. qu.) is not a solid mass fused throughout 
its length with the cranium, as in the Dipnoi, but is a slender rod attached to the 
cranium at either end, but free in the middle. It is divisible into three regions : 
a posterior quadrate-region or suspensorium {sus.), an intermediate pterygoid 
region, and an anterior palatine region. The suspensorium extends backwards, 
outwards, and downwards from the auditory region of the cranium, to which it 
is imniovably united by its forked proximal end, one branch of the fork — the 
otic process (Fig. 282, ot. pr.) — ^being fused with the auditory capsule, the other — 
the pedicle {ped.) — with the trabecular region immediately anterior to the 
auditory capsule. Ventrally the suspensoritun furnishes an articular facet 
for the tnandible, and is connected with the delicate rod-like pterygoid region ; 
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this passes forwards and joins the palatine region, which is a transverse bar 
fused at its inner end with the olfactory capsule. 

The occipital region of the cranium contains only two bones : the 
exoccipitals (EX. OC.), which lie one on each side of the foramen magnum {for. 
mag.) and meet above and below it : there is no trace of supra- or basi-occipital. 
Below the foramen magnum are a pair of oval projections, the occipital condyles 
{oc. cn.), furnished by the exoccipitals and articulating with the cervical 
vertebra. 

Each auditory capsule is ossified by a single bone, the pro-otic (PR. OT.) ; 



Fig. 282. — Bana temporaria. The skull. A, from beneath, with the investing bones removed 
on the right side (left of figure) ; B, from the left side, with mandible and hyoid ; C, from behind, 
the investing bones removed at sws. a. c. hy. anterior cornu of hyoid ; aud, cp. auditory capsule ; 
h. hy. body of hyoid ; COL. columella ; DNT. dentary ; EX.OC. exoccipital ; for. mag. foramen 
magnum; /. ov. fenestra ovalis ; FR.PA. fronto-parietal; M.MCK. mento-meckelian ; MX. 
maxilla ; NA . nasal ; Nv. 2, optic foramen ; Nv. 5, 7, foramen for fifth and seventh nerves ; Nv. 
9, xo, foramina for ninth and tenth nerves ; oc. cn. occipital condyle ; olf. cp. olfactory capsule ; 
ot. pr. otic process ; PAL. palatine ; pal. qu. palato-quadrate ; PA.SPH. parasphenoid ; p. c. hy. 
posterior cornu of hyoid ; ped. pedicle ; PMX. premaxilla ; PR.OT. pro-otic ; PTG. 'pterygoid ; 
QU.JU. quadrato-jugal ; SP.ETH. sphenethmoid ; SQ. paraquadrate ; sfp. stapes; sus. (quad.) 
suspensorium (quadrate) ; VO. vomer. (After Howes, slightly altered.) A minute investing 
bone, the sepio-maxillary . which is present above the maxilla, close to the nostril, is not here 
represented. 

there are no other ossifications of the auditory region (p. 313). In the adult the 
pro-otic fuses with the exoccipital : it presents on its outer surface, behind the 
otic process of the suspensorium, a small aperture, the fenestra ovalis, closed in 
the entire animal by membrane, and, when the latter is removed, leading into 
the cavity of the auditory capsule, containing the membranous lab3n:inth. 

In front of the auditory capsules a considerable part of the cranial wall is 
formed of cartilage, and presents above a single large and a pair of small 
fontanelles (Fig. 2Bi,fon.,fon.'), but anteriorly it is ossified by the sphenethmoid, 
or girdle^hone (SP. ETH.), a short bony tube divided by a transverse partition 
into an anterior compartment which lodges the hinder ends of the olfactory 
sacs, and a posterior compartment which contains the olfactory bulbs. The 
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anterior compartment is again divided by a vertical partition which separates 
the olfactory sacs from one another, and the transverse partition is perforated 
for the olfactory nerves. This very peculiar and characteristic bone may be 
taken to represent meso- and ecto-ethmoids and pre- and orbito-sphenoids all 
united together. 

The olfactory capsules (Figs. 282, 283, olf. cp.) have a delicate cartilaginous 
roof and floor produced into irregular processes which help to support the 
olfactory sac. They are separated from one another by a vertical plate of 
cartilage, continuous behind with the girdle-bone and representing the unossified 
part of the mesethmoid ; and the anterior wall of each is produced into a little 
curved, rod-like rhinal process. The whole of the primary palatoquadrate arch 
is unossified. 

To this partly ossified chondrocranium the usual investing bones are 
applied above and below. Covering the roof of the brain-case is a single pair 
of bones, the fronto-parietals (FR. PA.), each formed by the fusion of a frontal 
and a parietal, distinct in the young Frog. Over the olfactory capsules are 
paired triangular nasals {NA.), and applied to their ventral surfaces small 
paired vomers (VO.). On the ventral surface of the skull is a large T-shaped 
parasphenoid (PA. SPH.), its stem underl3dng the basis cranii, while its two 
arms extend outwards beneath the auditory capsules. 

In the Trout, it will be remembered, the palatine and pterygoid are replacing 
bones, formed as ossifications of the palatoquadrate cartilage. In the Frog this 
cartilage is, as we have seen, unossified, but to its ventral face two investing 
bones are applied, a small xod-\{\it palatine (PAL.), and a Xhtte-Ts.ye 6 . pterygoid 
(PTG.) having an anterior arm extending forwards to the palatine, an inner 
arm applied to the pedicle of the suspensorium, and an outer arm extending 
along the whole inner face of the suspensorium. It wiU thus be seen that bones 
originally preformed in cartilage may give place to investing bones, developed 
in corresponding situations, but altogether independent of the cartilage, the 
latter remaining unossified. 

The suspensorium, as we have seen, is strengthened on its inner face by the 
outer arm of the pterygoid ; externally it is similarly supported by a hammer- 
shaped investing bone, the squamosal (SQ.). The upper jaw is formed by three 
investing bones, the small premaxiUa (PMX.) in front, then the long, narrow 
maxilla (MX.), and finally the short quadratojugal (QU. JU.), which is connected 
posteriorly with the quadrate. 

The mandible contains a persistent Mechel's cartilage, as a sort of core, 
outside which are formed two bones : a long angulo-spienial on its inner face, 
and a short dentary (DNT.) on the outer face of its distal half. T^e actual 
distal end of Meckel’s cartilage is ossified as a small replacing bone, the mento- 
meckelian (M. MCK.), not represented in fishes. 

The hyoid apparatus consists of a shield-iritaped plate of cartilage, the^ 
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body of the hyoid (6. hy.), produced at its anterior angles into slender rods, the 
anterior cornua {a. c. hy.), which curve upwards and are fused with the auditory 
capsules, and at its posterior angles into partly ossified rods, the posterior 
cornua (p. c. hy.), which extend backwards, embracing the glottis. 

Two other cranial structures remain to be noticed. External to the para- 
quadrate is a ring of cartilage, the annulus tympanicus (Fig. 295, an. tymp.), 
which supports the tympanic membrane as the frame of a tambourine supports 
the parchment. Inserted into the fenestra ovalis is a nodule of cartilage, the 
stapes [stp.), to which is attached the inner end of a small hammer-shaped 
structure, the columella (COL.), the handle of which is ossified, while its carti- 
laginous head, or extra-columella, is fixed to the inner surface of the tympanic 
membrane. 


tc.ap 





The comparison of the Frog’s skull with those of Fishes is facilitated by a 
study of its development. In the 
tadpole or larval Frog there is a 
cartilaginous cranium (Fig. 283) con- 
nected on each side with a stout 
inverted arch, like the subocular arch 
of the Lamprey or the palatoquadrate 
of Chimaera or Ceratodus, and, like 
them, developed from the dorsal region 
of the mandibular arch. The quadrate 
region of this primary upper jaw 
is well in front of the eye, the axis of 
the suspensorium being inclined for- 
wards and the mandible very short, in 
correspondence with the small size of 
the tadpole’s mouth. The quadrate 
is fused by its pedicle with the trabecular region, the otic process {pt, pr,) which 
unites it with the auditory capsule being formed later. Behind the suspen- 
sorium are distinct hyoid (c. hy,) and branchial {br. i — 4) arches supporting 
the gills by which the tadpole breathes. As development goes on, the axis 
of the suspensorium is rotated backwards, producing the wide gape of the adult, 
and the stout palatopterygoid region of the subocular arch {pal, pig,) gradually 




Fig. 283. — Skull of Tadpole. «w. cp, audi- 
tory capsule ; br. i — 4, branchial arches ; 
c. hy. ceratohyal : col. columella; tnck. 
Meekers cartilage ; olf. cp. olfactory capsule ; 
opt. for. optic foramen ; or, pr, orbital pro- 
cess of suspensorium ; ot, pr. otic process ; 
pal. ptg. palato-pterygoid bar ; qu. quadrate ; 
stp. stapes. (After Marshall, slightly altered.) 


assumes the slender proportions it has in the adult. The greater part of the 
hyoid arch gives rise to the anterior cornua of the adult hyoid-apparatus, the 
body of which is formed from the basi-hyal and basi-branchials, and its posterior 
cornua probably from the fourth branchial arch. The columella is developed 
independently, but may perhaps represent a phar3mgo-hyal or dorsal segment of 
the hyoid arch. The stapes is a detached portion of the outer wall of the auditory 
capstile. Thus, with the assumption of pmrely aerial respiration, the complex 
brandiial skeleton is reduced to a simple structure for the support of the tongue. 
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The shoulder-girdle has essentially the structure already described (p. 79) in 
general terms as characteristic of the pentadactyle Craniata. The scapula 



(Fig. 284, 5 ., Fig. 285, scp.) is ossified, and is connected by its dorsal edge with a 
suprascapula (Fig. 281, S. SCP., Fig. 285, s. scp.) formed partly of bone, partly 
of calcified cartilage, and developed from the dorsal region of the embryonic 



Fig. 285. — Sana. Diagrammatic 
transverse section through the 
shoulder-girdle, cof. coracoid \ ep. cor. 
epicoracoid ; gl. glenoid cavity ; hu. 
humerus ; scp, scapula ; 5, scp, supra- 
scapula ; V. 5, third vertebra. (From 
Parker's Practical Zoology.) 


If 



Kn 


Fig. 286.— Rana esoolenta. Pelvic 
girdle from the ri^ht side. G. aceta- 
bulum ; 11 . P. ilium ; Is. ischium ; 

Kn. pubis. (From Wiedersheim's 
Comparative Anatomy.) 


shoulder-girdle. The coracoid (Fig. 284, Co., Fig. 285, cor.) is also ossified, but 
the procoracoid is represented by a bar of cartilage having an investing bone, 
the clavicle {Cl.), closely applied to it. The suprascapula overlaps the anterior 
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vertebrae ; the coracoid and procoracoid are connected ventrally by a cartilage, 
the epicoracoid (Fig. 284, Fig. 285, ep. cor.), which is in close contact with 
its fellow of the opposite side in the middle ventral line, so that the entire 
shoulder-girdle (Fig. 285), like that of the Dogfish, forms a single inverted 
arch. 

Passing forwards from the anterior ends of the united epicoracoids is a 
rod of bone, the omosternum (Fig. 284, Ep.), tipped by a rounded plate of 
cartilage, and passing backwards from their posterior ends is a similar but larger 
bony rod, the sternum {St.), also tipped by a cartilaginous plate, to which the 
name xiphisternum (Kn.) is applied. These two structures are the first indica- 
tion of a sternum we have yet met with, with the possible exception of the 
median ventral element of the shoulder-girdle of Heptranchias. The omoster- 
num is develc^d as paired forward extensions of the epicoracoids which 
undergo fusion : the sternum and xiphisternum arise as paired rods lying 
posterior to the epicoracoids, and subsequently uniting with one another. 
This sternal apparatus of the Frog (and of the Amphibia in general) differs 
developmentally from the structures in the higher Vertebrates to which the 
same name is applied — the latter being formed from separated-off portions of 
embryonic ribs {costal sternum). 

The fore-limbs deviate from the typical structure (p. 80) chiefly in the 
fusion of the radius and ulna into a single radio-ulna (Fig. 281, RA. UL.), and 
in the presence of only four complete digits with a vestigial one on the radial 
.side. The last represents a sesamoid bone, and the complete digits are 
the second to the fifth of the typical hand. Six carpals only are present, 
the third, fourth, and fifth di^ts articulating with a single bone which has 
apparently risen by the fusion of the third, fourth, and fifth distalia and of at 
least one centrale. 

The pelvic girdle (Fig. 286) is very peculiarly modified ; it resembles in 
form a Bird’s “ merrythought,” consisting of two long, curved bars articulating 
in front with the transverse processes of the sacral vertebra (Fig, 281) and 
uniting posteriorly in an irregular vertical disc of mingled bone and cartilage 
which bears on each side a deep, hemispherical acetabulum {G.) for the articula- 
tion of the thigh-bone. The curved rods are the ilia {II., P.) ; they expand 
posteriorly and unite with one another in the median plane to form the dorsal 
portion of the disc and about one-half of the acetabulum. The posterior 
portions of the disc and acetabulum are furnished by the ischia {Is.), fused 
with one another in the sagittal plane, their ventral portions by the siniilarly 
united pubes {Kn.).' The ilium and ischium are formed of true bone, the pubis 
of calcified cartilage ; the union of the elements in the median plane is called 
the symphysis. In the larva the ilium is vertical, but during development it 
becomes lengthened and at the same time rotated backwards, thus bringing the 
articulation of the hind-limbs as far back as possible. 
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In the hind-limb the tibia and fibula are fused to form a single tihio-fibula 
(Fig. 281, TI. FI.). and the two bones in the proximal row of the tarsus — the 
tibiale or astragalus (AST.) and the fibulare or calcaneum (CAL.) — are greatly 
elongated and provide the leg with an additional segment. There are three 
tarsals in the distal row, one of which appears to represent the centrale, another 
the first distale, and the third the fused second and third distalia. There are 
five well-developed digits, and on the tibial side of the first is a spur-like 
structure or calcar (c.), formed of three bones, a metatarsal and two phalanges : 
such an additional digit is called a pre-hallux. 

All the long bones of the limbs consist of the shaft, formed of true bone and 
of extremities of calcified cartilage. The distinction is a very obvious one, 
both in the freshly-prepared and in the dried skeleton. 

The muscular system has undergone great modifications in correspondence 
with the complex movements performed by the limbs. The dorsal muscles 
of the trunk are no longer divisible into myomeres, but take the form of 
longitudinal or oblique bands {extensores dorsi, etc.), lying partly above the 
vertebrae, partly between the trainsverse processes, partly between the ilia and 
the urostyle. The ventral muscles are differentiated into a paired median 
band, the rectus abdominis (Fig. 287, ret. abd.), with longitudinal fibres, and a 
double layer of obhque fibres — obliquus externus {obi. ext.) and internus {obi. 
int.) — extending from the vertebral column to the recti. Both the extensor 
dorsi and the rectus abdominis are traversed at intervals by transverse bands 
of fibrous tissue, the inscriptiones tendinea {ins. ten.), but the segments thus 
formed do not correspond with the embryonic myomeres. The right and left 
recti are united by a longitudinal band of tendon, the Unea alba {1. alb.). 

The muscles of the limbs are numerous and complex, each segment having 
its own set of muscles by which the various movements of which it is capable 
are performed. There are muscles passing from the trunk to the Umb-girdles ; 
from the trunk or the limb-girdles to the hUmerus and femur; from the 
humerus and femur to the radio-ulna and tibio-fibula ; from the fore-arm or 
shank to the digits ; and from one segment of a digit to another. For the 
most part the limb-muscles are elongated and more or less spindle-shaped, 
presenting a muscular portion or beUy which passes at either end into a tendon 
of strong fibrous tissue serving to fix the muscle to the bones upon which it 
acts. The relatively fixed end of a muscle is called its origin, the relatively 
movable end its insertion, e.g. in the gastrocnemius muscle of the calf of the leg 
{gstr.) the proximal end attached to the femur is the origin, the distal end 
attached to the foot the insertion. According to their action, muscles are 
divided into flexors which bend, and extensors which straighten, one part upon 
another ; adductors which draw towards, and abductors which draw away from, 
the middle line ; elevators which raise, and depressors which lower, a part, such 
as the lower jaw. The names of the muscles may have reference to their 
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position, e.g. pectoralis {pet.), the principal muscle of the chest ; or to their 
form, e.g. biceps, the two-headed muscle ; or to their action, e.g, flexor tarsi ; 
or to their origin and insertion, e.g. coracohumeralis. 



Fig. 287. — Raaa esdileilta. The muscles from the ventral aspect. On the left side (right of 
figure) many of the superficial muscles have been cut and reflected to show the deep layer, add, 
brev, adductor brevis ; add, long, adductor longus ; add, mag. adductor magnus ; del. deltoid ; 
ext. cr. extensor cruris ; ext, trs, extensor tarsi ; FB, femur ; gn. hy. genio-hyoid ; gstr, gastro- 
cnemius ; hy, gl, hyoglossus ; ins, ten. inscriptio tendinea ; 1. alb. linea alba ; my. hy. mylo-hyoid ; 
obi. int. obUquus ihtemus ; obi. ext. obliquus extemus ; o.st. omosternum ; p. c. hy. posterior cornu 
of hyoid ; pet. pectoralis ; ^ctn, pectineus ; per. peronaeus ; ret. abd. rectus abdominis ; rect. int, maj. 
rectus intdmus major ; rect, int. min. rectus internus minor ; sat, sartorius ; sb. mt. sub-mentalis ; 
sem, ten, semi-tendinosus ; tib. ant. tibialis anticus ; tib, post, tibialis posticus ; TI. FI, tibio- 
^fibula; tnf. vastus internus ; sf. xiphistemum. 
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Digestive Organs. — The mouth leads into a wide buccal cavity having in its 
roof the internal or posterior nares (Fig. 288, p. na.), a pair of projections due 
to the downward bulging of the large eyes, and the openings of the Eustachian 
tubes {eus. t., vide infra). On its floor is the large tongue (tng.), attached in 
front and free behind, where it ends in a double point ; by means of its muscles 
it can be suddenly projected, point foremost, from the mouth, and is used in 
the capture of Insects. Immediately behind the tongue is the glottis {gl.). 
Teeth are arranged in a single series round the edge of the upper jaw, attached 
to the premaxillae and maxillae ; there is also a small patch of teeth {vo. t.) on 
each vomer just internal to the posterior nostril. The teeth are small conical 



Fig. 288. — Bana temporaria. Dissection from the left side ; the viscera somewhat displaced. 
an. anus ; b, d, bile-duct ; b, hy. body of hyoid ; bl. urinary bladder ; bV. its opening into the 
cloaca ; c. art. conus arteriosus ; cblm. cerebellum ; cl. cloaca ; cn. j, centrum of third vertebra ; 
cp. ad. corpus adiposum ; crb. h. cerebral hemisphere ; d. ly. s. dorsal lymph sinus ; du. duodenum ; 
ep. cor. epicoracoid ; eus. t. Eustachian tube ; FR. PA . fronto-parietal : gl. glottis ; gul. gullet ; 
il. ilium ; is. ischium ; kd. kidney ; 1. an. left auricle ; 1. Ing. left lung ; Ir. liver ; m. mck. mento- 
meckelian ; n. a i, neural arch of first vertebra ; olf. 1. olfactory bulb ; opt. 1. optic lobe ; o. ST. 
omostemum ; pcd. pericardium ; PMX. premaxilla ; pn. pancreas ; p. na. posterior naris ; pit. 
pubis ; ret. rectum ; r. Ing. right lung ; s. int. ileum ; sp. cd. spinal cord ; sph. eth. sphenethmoid ; 
spl. spleen ; st. stomach ; s. v. sinus venosus ; ing. tongue ; ts. testis ; ur. ureter ; ur*. its aperture 
into the cloaca ; ust. urostyle ; v. ventricle ; v. ly. s. ventral lymph sinus ; vo, t. vomerine teeth ; 
vs. sent, vesicula seminalis. 


bodies, their bases ankylosed to the bones ; their only use is to prevent the 
polished or slimy bodies of the prey — Insects and Worms — ^from slipping out 
of the mouth. 

The buccal cavity narrows towards the pharynx, which leads by a short 
gullet {gul.) into a stomach {st.) consisting of a wide cardiac and a short, narrow, 
pyloric division. The duodenum {du.), or first portion of the small intestine, 
passes forwards parallel with the stomach; the rest of the small intestine 
{ileum) is twisted into a coil. The large intestine or rectum {ret.) is very wide 
and short, and passes without change of diameter into the cloaca {cl.). 

The liver {Ir.) is two-lobed ; between the right and left lobes lies a large 
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gall-bladder (Fig. 289, (1.). Tiie pancreas (P.) is an irregular gland surrounding 
the bile-duct, into which it pours its secretion ; the spleen (Fig. 288, spl.) is a 
small, red globular body attached near the anterior end of the rectum. The 
thyroids are small paired organs lying below the floor of the mouth in front of 
the glottis. The thymus is also paired, and is situated behind and below the 
tympanic membrane. 

Respiratory Organs. — The lungs {1. Ing., r. Ing.) are elastic sacs lying in the 
anterior part of the coelome above 


the heart and liver ; their size and 
appearance vary greatly according 
to their state of distension. 
Each contains a spacious cavity 
and has its walls raised into a 
complex network of ridges abund- 
antly supplied with blood-vessels. 
The two lungs open anteriorly into 
a small laryngo-tracheal chamber 
which communicates with the 
mouth by the narrow, slit-like 
glottis. The walls of the laryngo- 
tracheal chamber are supported 
by a cartilaginous framework, and 
its mucous membrane is raised into 
a pair of horizontal folds, the vocal 
chords, by the vibration of which 
the croak of the Frog is produced. 

In breathing, the Frog keeps 
its mouth closed, and by depressing 
the floor of the mouth, draws air 
into the buccal cavity through the 
nostrils. The floor of the mouth 
is then raised, the nostrils, which 
are valvular, are closed, and the 
air is forced through the glottis 
into the lungs. The skin also is 



Fig. 289. — Bana esculenta. Stomach and duo- 
denum with liver and pancreas. Dc., Dc.^ common 
bile-duct; Dc.* its opening into the duodenum; 
D, cy, cystic ducts ; Dh., Dh.^ hepatic ducts ; Du. 
duodenum; G. gall-bladder; L, I.*, L®, lobes 
of liver, turned forwards ; Lhp. duodenohepatic 
omentum, a sheet of peritoneum connecting the 
liver with the duodenum ; M. stomach ; P. pan- 
creas ; P^, pancreatic duct ; Py. pylorus. (Front 
Wiedersheim's Comparative Anatomy.) 


an important respiratory organ. 


CSreulatory Organs. — ^The pericardium (Fig. 288, pcd.) is not situated in 
front of the general coelome, as in Fishes, but lies in the ccelomic cavity between 
the gullet above and the epicoracoids below ; it consists, as usual, of a visceral 
layer closely adherent to the heart, and a loose parietal layer, the two being 
continuous at the bases of the great vessels and separated by a small quantity of 
pericMdial fluid. 
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The heart consists of a sinus venosus (Figs. 290 and 288, s. ».), right and left 
auricles (r. au., 1 . au.), a ventricle {v., vt.), and a conus arteriosus (c. art.). The 
sinus venosus opens into the right auricle, the pulmonary veins into the left : 
a striking , advance on the Dipnoi is seen in the greatly increased size of the 
left auricle and its separation by a complete partition, the septum auri- 
cularum (Fig. 290, spt. aur.), from the right. The two auricles open by a 
common auriculo-ventricular aperture, guarded by a pair of valves {au. v. v.) 
into the single ventricle. The latter has a transversely elongated cavity, and 



Fig. 290. — ^Rana temporaiia. The heart from the ventral aspect with the cavities laid open. 
a, a\ bristile in left carotid trunk ; au. v. v. auriculo-ventricular valves ; b. b\ bristle in left sys- 
temic trunk ; c, c', bristle in left pulmo-cutaneous trunk ; car, a. carotid artery ; car, gl, carotid 
labyrinth ; c. art, conus arteriosus ; car, tr, carotid trunk ; I, au, left auricle ; Ig. a. lingual artery ; 
I, V, longitudinal valve ; pul. cu. ir. pulmo-cutaneous trunk ; pul. v. aperture of pulmonary veins ; 
r, au. right auricle ; s. au. ap. sinu-auricular aperture ; spt. aur. septum auricularum ; v, v', valves ; 
vt. ventricle. 

its dorsal and ventral walls are raised up into muscular ridges or trabeculae 
with interstices between them. The conus springs from the right side of the 
base of the ventricle ; it is separated from the latter by three small semilunar 
vadves {v.), and is traversed obliquely along its whole length by a large, flap-like > 
longitudinal valve (l.v.) which springs from its dorsad wall and is free ventradly. 
The donus passes without chamge of diauneter into a bulbus arteriosus, the two 
being separated by a semilunar valve (»^.) and by the flree end of the longitudinal 
valve. The bulbus gives off two branches, right and left, each of them cUvided 
by two longitudinal partitions into three vessels, an inner or amterior, the 
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carotid trunk (car. tr.), a middle, the systemic trunk or aortic arch, and an outer 


or posterior, the pulmo-cutaneous trunk 
(pul. cu. tr.). The systemic trunks 
communicate separately with the bulbus 
and the carotid trunks open slightly 
to the right of the junction of the two 
systemic trunks. The opening of the 
carotid trunks is guarded by a valve. 

After being bound together in the 
way described for a short distance, the 
carotid, systemic, and pulmo-ciitaneous 
trunks separate from one another. 
The carotid trunk divides into an 
internal (Figs. 290 and 291, car.) and 
external carotid (Ig.) artery for the 
supply of the head, the former having 
at its base a small swelling, tl^e carotid 
gland'' or labyrinth (car. gl.), with a 
spongy interior containing numerous 
cavities. The systemic trunks curve 
round the gullet and unite with one 
another above it to form the dorsal aorta 
(d. ao.), from which, or from one of the 
systemic trunks themselves, the arteries 
to all parts of the body, except the 
head, the lungs, and the skin, are given 
off. The pulmocutaneous trunk divides 
into two, a pulmonary artery (pul.) to 
the lung, and a cutaneous artery (cu.) 
to the skin. 

In the tadpole there are four aortic 
arches, each consisting of an afferent 
and an efferent branchial artery con- 
nected by the capillaries of the gills. As 
the water-breathing larva undergoes 
metamorphosis into the air-breathing 
adult the gills disappear ; the first 
aortic arch loses its connection with the 
dorsal aorta and becomes the carotid 
trunk ; the second enlarges, retains its 



Fig. 291. — ^Rana tempoiaria. The arter- 
ial system, with the heart, lungs, kidneys, 
and left testis, from the ventral aspect, car. 
internal carotid artery ; car, gl. carotid laby- 
rinth : c. art. conus arteriosus ; car. tr. caro- 
tid trunk ; ccel. mes. coeliaco-mesenteric 
artery ; cu. cutaneous artery ; d. ao. dorsal 
aorta ; du. duodenal artery ; gs. gastric 
artery ; hp. hepatic artery ; il. iliac artery ; 
int. intestinal arteries; kd. kidney; /. au. 
left auricle ; Ig. external carotid artery ; Ing. 
lung ; CCS. oesophageal artery ; pul. pul- 
monary artery ; pul. cu. tr, pulmo-cutaneous 
trunk; r. a«. right auricle ; rw. renal arteries ; 
scl. subclavian ^ery; spl. splenic artery; 
syst, ts, systemic trunk ; spm. spermatic 
artery ; ts. testis ; v, ventricle ; vert, verte* 
bral' artery. 


connection with the dorsal aorta, and becomes the systemic trunk; the 
third disappears ; and the fourth sends off bradches to the lungs and skin. 
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loses its connection with the dorsal aorta, and becomes the pulmo-fcutaneous 
trunk. 

The blood from each side of the head is returned by internal (Fig. 292, int. 
jit.) and external {ext. ju.) jugular veins into the precaval vein [pr. v.), which also 



Fig. 292. — Sana iemporaiia. The venous system with the heeurt, lungs, liver, tddneys, and 
right testis, from the dorsal aspect, ahd. abdominal vein ; br. brachial vein ; cd. cardiac vein ; 
ds. Intb. dorso-lnmbar vein ; du, duodenal vein ; ext, ju. external ju^lar vein ; fm. femoral vein ; 
I's. gastric vein ; hp, hepatic vein ; hp. pt. hepatic portal vein ; int. intestinal veins ; ini. ju. 
internal jugular vein ; kd. kidney ; /. au. left auricle ; Ing. lung ; Ivr. liver ; ms. cu. musculo- 
cutaneous vein ; pr, cv. precaval vein ; pt. cv. postcaval vein ; pul. pulmonary vein ; pv, pelvic 
vein ; r. au. right auricle ; rn. renal veins ; rn. pt renal portal vein ; $c. sciatic vein ; spl. splenic 
vein ; spm. spermatic vein ; s. v. sinus venosus ; is. testis ; ves. vesical veins. 


receives the hrachial vein {br.) from the fore-limb, and the musculixutaneous vein 
{ms. eu.) from the skin and muscles of the side and back, and part of the head : 
the two precavals open separately into the sinus venosus. 

The course of the blood fcom the posterior part of the body is very different 
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from what we have met with in fishes, the differences being due partly to the 
absence of a tail, partly to a peculiar modification of the lateral veins, and partly 
to the replacement of the cardinals by a postcaval vein, found among fishes 
only in the Dipnoi. 

The ^lood from the front part of the hind-leg is brought back by a femoral 
vein {fin.), which, on reaching the coelome, divides into two branches, a dorsal 
and a ventral. The dorsal branch is the renal portal vein {rn. pt.) : it receives 
the sciatic vein- {sc.) from the back of the leg and passes to the kidney, in which 
it breaks up into capillaries. The ventral branch is the pelvic vein {pv.) : it 
unites with its fellow of the opposite side to form the abdominal vein {abd.) 
which passes forwards in the ventral body-wall, between the linea alba and the 
peritoneum, to the level of the sternum, where it turns inwards and divides into 
two branches, both breaking up into capillaries in the liver. Just as it enters the 
liver it is joined by the hepatic portal vein {hp. pt.), bringing the blood from the 
stomach, intestine, spleen, and pancreas. The abdominal vein also receives 
vesical veins {ves.) from the urinary bladder, and a small cardiac vein from the 
heart {cd.). It represents the lateral veins of Chondrichthyes united in the 
middle ventral line : the pelvic veins are their posterior free portions. 

The blood is collected from the kidneys by the renal veins {rn.), which unite 
to form the large unpaired postcaval vein {pt. cv.). This passes forward through 
a notch in the liver, receives the hepatic veins {h.p.) from that organ, and 
finally opens into the sinus venosus. Thus the blood from the hind-limbs has 
to pass through one of the two portal systems on its way back to the heart : 
part of it goes by the renal portal veins to the kidneys, and thence by the renal 
veins to the postcaval, part by the pelvic and abdominal veins to the liver, and 
thence by the hepatic veins to the postcaval. Lastly, the blood which has been 
purified in the lungs is returned by the pulmonary veins {pul.) directly to the 
left, auricle. 

It will be seen that there is no trace of cardinal veins in the Frog. But in 
the larva both anterior and posterior cardinal veins are present : during the 
metamorphosis the ductfis Cuvieri, in which, as in fishes, they unite, become 
converted into the precavals, while the posterior portions of the posterior 
^ cardinals contribute to the formation.nf the postcaval, and the anterior portions 
disappear. 

It wiU be perceived that the blood poured into the right auricle is mostly 
impure or venous, that poured into the left fully aerated or arterial. When the 
auricles contract, which they do simultaneously, each passes its blood into the 
corresponding part of the ventricle, which then instantly contracts, before the 
venous and arterial bloods, kept separate as they are to some extent by the 
muscular trabeculae acting as incomplete partitions, have time to mix. Since 
the conus arteriosus springs from the right side of the ventricle, it will at first 
receive only venous blood, which, on the contraction of the conus, might pass 
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either into the bulbus aortse or into the aperture of the pulmo-cutaneous trunks. 
But the carotid and systemic trunks are connected with a much more extensive 
capillary system than the pulmo-cutaneous, and the pressure in them is pro- 



portionally great, so that it is easier for the blood to enter the pulmo-cutaneous 
trunks than to force aside the valves between the conus and the bulbus. A 
fraction of a second is, however, enough to get up the pressure in the pulmonary 
and cutaneous arteries, and in the meantime the pressure in the arteries of the 
head, trunk, etc., is constantly diminishing, ov^g to the continual flow of 
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blood towards the capillaries. Very soon, therefore, the blood forces the valves 
aside and makes its way into the bulbus aortae. This will therefore receive the 
next portion of blood, which, the venous blood having been mostly driven to 
the lungs, will be a mixture of venous and arterial. Finally, as the pressure 
rises in the systemic trunks, the last portion of blood from the ventricle, which, 
coming from the left side, is arterial, will pass into the carotids and so supply 
the head. 

The red, hlood-corpuscles are, like those of fishes, oval, nucleated discs. The 
lymphatic system (Fig. 293) is very well developed, and is remarkable for the 
dilatation of many of its vessels into immense lymph-sinuses. Between the 
skin and muscle are large subcutaneous sinuses (Fig. 288, v. ly. s.), separated 
from one another by fibrous partitions, and the dorsal aorta is surrounded by a 
spacious subvertebral sinus. The lymph is pumped into the veins by two pairs 
of lymph-hearts, one situated beneath the suprascapulse, the other beside the 
posterior end of the urostyle. 

Nervous System. — ^The brain (Fig. 294) has a very small cerebellum, large 
optic lobes, a well developed diencephalon, and large hemispheres and olfactory 
bulbs, the latter fused in the median plane. The corpora striata, or basal 
ganglia of the cerebral hemispheres, are connected together, as in all Vertebrates, 
by an anterior commissure {D, com., below, lower line), above which is another 
commissure {com., below, upper line) partly representing the hippocampal 
commissure of the brain of Reptiles and Mammeds. The metaccele is covered 
by a thick choroid plexus ; the mesocoele is divisible into a median passage or 
iter (i.), and paired optococles {opt. v.) in the optic lobes : the paracoeles are 
large cavities each communicating with a rhinocoele in the corresponding 
olfactory bulb. The pineal body is vestigial in the adult, a lobe of the anterior 
choroid plexus, with a vestige of the stalk {pin.), taking the position which it 
usually occupies : in the larva it is found outside the skull and immediately 
beneath the skin. 

The first spinal nerve performs the function of the hypoglossal (Fig. 294, 
xSp.), supplying the muscles of the tongue : it passes out between the first and 
second vertebrae. The spinal cord is short and ends in a delicate filament, 
the plum terminate. In correspondence with the number of vertebrae there are 
only ten pairs of spinal nerves, of which the second and third unite to form a 
brachial plexus giving off the nerves to the fore-limb,- while the seventh to the 
tenth join t<Lform a lumbosacral plexus. off the nerves to the hind-limb. 

Sensory Organs. — The olfactory sacs have each two opehings : the anterior 
naris or external nostril and the posterior naris (Fig. 288, p. na.) or internal 
nostril, which opens into the mouth iirunediately extemel to the vomer. 

The eye and the auditory organ have the usual structure, but in connection 
with the latter there is an important accessory organ of hearing not hitherto 
met with. Bounded externally by the tympanic membrane and internally 



326 ZOOLOGY 

by the outer wall of the auditory capsule is a considerable space, the tympanic 
cavity (Fig. 295, tymp. cav), which communicates with the jdiarynx by the short 
Eustachian tube {eus, t.) already noticed (Fig. 288, eus, /.), so that a probe 
thrust through the tympanic membrane from outside passes directly into the 
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Fig. 294 . — Brain of RailA* A, from above; B, from below; C, from the si<ie; JD, in longi- 
tudinal vertical section. Ch, cerebellum ; Cet. H. cerebral hemispheres ; ch. plx^, anterior, and 
ch. pix\ posterior choroid plexus (removed in A); com. commissures, the two in front the anterior 
and hippocampal, the two above the superior or habenular and the posterior ; Cr. C. crura cerebri ; 
Di. diencephalon ; for. M. foramen of Monro ; i. iter, or aqu^uct of Sylvius ; inf, infundibulum ; 
Med, obi, medulla oblongata ; Olf, 1. olfactory bulb ; opt, cH, optic cluasma ; Opt, /. optic lobe ; 
opt, V, optic ventricle ; pin. stalk of pineal body ; pit, pituitary body ; Sp. cd, spinal cord ; r*. 
iluzd ventricle; fourth ventricle; I — cerebral nerves ; jr5p.-:S5/». ^inal nerves. (From 
Parker’s Practical Zoology, A — C, after Gaupp ; D, from Wiedetwelm’s Comparative Anatomy, 
after Osborn.) 
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phar5aix. In the roof of the tympanic cavity lies the columella (col.), its head, 
or extra-columella, attached to the inner surface of the tympanic membrane, 
its handle united to the stapes (stp.), which is fixed in the membrane of the 
fenestra ovalis (fen. ov.). Sonorous vibrations striking the tympanic membrane 
are communicated by the columella and stapes to the fenestra ovalis, thence 
to the perilymph, and thence to the membranous labyrinth. The connection 
of the eustachian tube with the pharynx obviates undue compression of the 
air in the t5mipanic cavity. There seems little doubt that the tjunpano- 
eustachian passage is homologous with the first or hyomandibular gill-cleft, 
although, in the Frog, it is formed independently of the clefts and never opens 
on the exterior. 
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Fig. 295. — ^Transverse section of head of Frog to show the relations of the accessory auditory 
apparatus (diagrammatic). Skeletal structures black, with the exception of the columella, an. 
tymp. annulus tympanicus ; h. hy. body of hyoid ; btic. cav, cavity of pha^nx ; ch. pix, choroid 
plexus ; col. columella ; eus. t. Eustachian tube ; fen. ov. fenestra ovalis ; med. obi. medulla 
oblongata; in^md. /a6. membranous labyrinth ; mtid. mandible ; JVr. F/J/. auditory nerve ; o.st. 
omostemum ; pig. ptergyoid ju. quadrato-jugal ; stp. stapes ; tymp. cav. tympanic cavity 
or middle ear ; tymp. m. tympanic membrane. 


Urin(%eilital Organs. — The kidneys (Figs. 296 and 297, N.) are flat, somewhat 
oval bodies, of a dark red colour, lying in the posterior region of the coelome. 
On the ventral face of each is an elongated, yellow adretml, and irregularly 
scattered nephrostomes occur in considerable numbers on the same surface; 
these do not, however, communicate with the urinary tubules, but with the 
renal veins, and serve to propel the l5miph from the coelome to the venous 
system. The Inesonephric ducts (Ur.) pass backwards from the outer borders 
of the kidneys and open into the dorsal wall of the cloaca (Cl.). The kidney is 
developed froni the mesonephros of the embryo, the urinary duct from the 
mesonephric duct. In the larva a large pronephros is present and is, for a time, 
the functional kidney. 

Opening into the doaca on its ventral side is an organ (Fig. 288, bl.) 
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mentioned in the general account of the Craniata (p. 121), but here actually met 
with for the first time. It is a bilobed, thin-walled, and very delicate sac into 
which the urine passes by gravitation from the cloaca when the anus is closed. 
The sac is a urinary bladder, but, as it is quite different morphologically from 
the organ of the same name in Fishes, which is a dilatation of the mesonephric 
duct, it is distinguished as the allantoic bladder. 


fr4« 



Fig. 296. — ^Bana eacolenta. 

Urinogenital organs of the male. 
Ao. dorsal ao:^; C/. cloaca; 

Cv, postcaval vein; FK, fat* 
bodies ; HO, testes ; N, kidneys ; 
S, S', apertures of mesonephric 
ducts into cloaca ; Ur, meso- 
nephric ducts. (From Wieders- 
heim's Comparative Anatomy.) 



Fig. 297. — ^Raoa esculeilta. Urinogenital 
organs of the female. N, kidneys ; Od, ovi- 
duct; Ot, its coelomic aperture; Ov, left 
ovary (the right is removed) ; P, cloacal aper- 
ture of oviduct; S, S\ cloacal apertures of 
mesonephric ducts ; Ut. uterine dilatation of 
oviduct. (From Wiedersheim's Comparative 
Anatomy.) 


The testes (HO) are white ovoid bodies lying immediately ventral to the 
anterior ends of the kidneys, to which they are attached by folds of peritoneum. 
From the inner edge of each pass a number of delicate vasa efferentia which enter 
the kidney and become connected with the urinary tubules. Th^ spermatic 
fluid is thus passed into the urinary tubules and carried off by the duct, which 
is therefore a urinogenital duct in the male Frog. A vesicula seminalis {Fig. 
288, vs, sent,) opens by numerous small ducts into the outer side of the duct. 
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Attached to the testis are lobed bodies of a bright yellow colour, the fat-bodies 
{FK). 

The ovaries (Fig. 297, Ov.) are large folded sacs on the surface of which the 
black-and-white ova project. A fat-body is attached to each. The oviducts 
(Od.) are greatly convoluted tubes, the narrow anterior ends of which open into 
the coelome by small apertures (Ot.) placed close to the bases of the limgs. 
Their posterior ends are wide and thin-walled {Ut.), and open into the cloaca 
(P). The ova break loose from the surface of the ovary and enter the ccelomic 
apertures of the oviducts, the walls of which are glandular and secrete an 
albuminous fluid having the property of swelling up in water. The eggs 
receive a coating of this substance as they pass down the oviducts, and are 
finally stored up in the thin-walled posterior portions of those tubes, which, 
in the breeding season, become immensely dilated and serve as uteri. 

Development. — The eggs are laid in water in large masses ; each has a black 
and white hemisphere, the former always directed upwards, and is surrounded 
by a sphere of jelly. The egg is telolecithal, the protoplasm being mainly 
accumulated on the pigmented hemisphere, while the white hemisphere is 
loaded with yolk. During oviposition the male sheds his spermatic fluid over 
the eggs, and the sperms make their way through the jelly and impregnate 
them. In a short time the jelly swells up and becomes thereafter impermeable 
to the sperms. 

Segmentation begins by a vertical furrow dividing the oosperm into two 
cells (Fig. 298, A), and soon followed by a second vertical furrow at right angles 
to the first (B), and then by an equatorial furrow placed nearer the black than 
the white pole (C). Thus the eight-celled embryo consists of four smaller 
black cells and four larger white cells. Further divisions take place (D), the 
black cells dividing rapidly into micromeres (mi.), the white, more slowly, 
into megameres (mg .) : as in previous cases, the presence of volk hinders the 
process of segmentation. The pigmented micromeres (D — F, mi.) give rise 
to the ectoderm, which is many-layered : the megameres (mg.) contribute to 
all three layers and are commonly called yolk-cells. During the process of 
segmentation a blastoccele (E, bl. coel.) or segmentation-cavity appears in the 
upper hemisphere. 

The black now begins to encroach on the white hemisphere ; cells, budded 
from the yolk-cells, take on the character of ectoderm, acquire pigment, and 
gradually extend the black area until it covers the whole embryo except a 
small patch, known as the yolk-plug (G, H, yk. pi.), at what will become the 
posterior end. This process is obviously one of epiboly : the margin of ecto- 
demj cells surrounding the yolk-plug represents the blastopore. 

The archenteron (I, ent.) arises by a split taking place among the yolk-ceUs, 
beginning at the edges of the blastopore and gradually extending forwards : 
the process is probably supplemented by a limited amount of invagination of 



Fig. 29«. — Development of the Frog. A — F, segmentation ; overgrowth of ectoderm ; 
H, J, establishment of germinal layers ; J, K, assumption of tadpole-form and establishment of 
nervous system, notochord, and enteric canal ; L, newly-hatched tadpole, d/. cceL blastocoele ; 
hip. hip', blastopore ,* hr, j, hr, 2, gills ; hr. cl. branchial arches ; $, eye ; ect. ectoderm ; end, endo- 
derm ; enl, enteron ; /, hr. fore-brain ; A. hr. hind-brain ; m. hr. mid-brain ; md. f, medullary fold ; 
md, gr. medullary groove ; mes. mes^erm ; mg. megameres ; mi. n^cromeres ; nch. notochord ; 
n. e, c, neurenteric canal ; pedm, proctodssum ; ply. pituitary invagination ; ret. commencement 
of rectum ; sk. sucker ; sp. cd. spinal cord ; st.am. stomodasum ,* /. tail ; yk. yolk-ceHs : y*. pl^- 
yolk-plug. {A — D, F — H, and J from Ziegler's models ; K, and L after Marshall.) 
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the ectoderm. The archenteron is at first a very narrow cleft, but soon widens 
considerably : for a long time it does not actually communicate with the 
exterior, the blastopore being filled up with the yolk-plug. As the archenteron 
extends forwards the blastocoele gradually disappears. The yolk-cells soon 
become differentiated into a layer of endoderm cells {I, end.) inunediately 
surrounding the archenteron, and several layers of mesoderm cells {men.). 
Ventrally, however, a large mass of yolk-cells {K. yk.) remains undifferentiated 
and serves as nutriment to the 
growing embryo. 

The edges of the lower margin 
of the blastopore now begin to 
approach one another, and, 
uniting in the median plane, 
give rise to a vertical groove, 
the primitive groove. In the 
meantime medullary folds {H, 
md. /.) appear and mark the 
dorsal surface : they are at first 
widely separated, but gradually 
approach one another and close 
over the medullary groove {md. 
gr.), thus giving rise to the central 
nervous system. Posteriorly they 
are continuous with the lips of 
the blastopore, so that when the 
neural groove becomes closed 
in behind, the archenteron, as in 
Amphioxus, communicates with 

the neuroccele by a neurenteric » 

canal {K, n. e. c.). 299.— Eana tempoiaria. Stages in the life- 

The embryo soon begins to history, from the newly-hatched Tadpoles (j) to the 

elongate ; one end is broad, and, S-f ^ 

becoming separated by a slight 

constriction, is marked out as the head : the other end is bluntly pointed and 
is the rudiment of the tail (t.). On the ventral surface of the root of the tail a 
proctodaum (pcdm.) appears and communicates with the archenteron. 

The head and tail become more distinctly marked off from the tnink. A 
pit — ^the stomodeeum {J — L, st.dm.) — appears on the antero-ventral surface of 
the head, and, immediately behind it, a semilunar area with raised edges, 
the sucker {sk.). At each side of the head two branched processes appear : 
they are the external gills {hr. i, hr. 2), and the regions from which they arise 
mark the positions of the first and second branchial arches. 
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The embryos are now hatched as tadpoles. They swim freely in the water or 
adhere to weeds by means of their suckers (Fig. 299, j). They are still blind 
and mouthless, the stomodaeum not having yet communicated with the archen- 
teron. Soon a third pair of external gills appears on the third branchial 
arch, and the first two pairs increase greatly in size {2, 2a ) : the stomodaeum 
joins the archenteron, gill-slits (branchial clefts) are formed between the bran- 
chial arches, and the eyes appear. The mouth is small, bounded by lips beset 
with homy papillae and provided with a pair of homy jaws. The enteric canal 
grows to a great length and is coiled like a watch-spring, and the tadpole 
browses upon the water-weeds which form its staple food. 

Soon the external gills show signs of shrivelling, and at the same time 
internal gills, like those of fishes, are developed in the branchial clefts. A fold 
of skin, the operculum, appears on each side, in front of the gills, growing from 
the region of the hyoid arch, and extending backwards until the gill-slits and 
external gills are covered and there is only a single small external branchial 
aperture on each side, as in Holocephali (3, 4). On the right side the oper- 
culum soon unites with the body-wall so as to close the branchial aperture, 
but on the left side the opening remains for a considerable time as the sole 
means of exit of the water. At this time the tadpole is to all intents and 
purposes a fish. 

The lungs now appear, and the larva is for a time truly amphibious, rising 
periodically to the surface to breathe air : the single branchial aperture, how- 
ever, soon closes and henceforth respiration is purely aerial. 

In the meantime the limbs are developed. The hind-limbs appear as little 
rounded buds, one on each side of the root of the tail (5). The fore-limbs arise 
beneath the operculum and are therefore hidden at first ; soon, however, they 
emerge by forcing their way through the operculum. As the limbs increase in 
size the tail undergoes a progressive shrinking (6-8). The mouth widens by 
the backward rotation of the suspensorium, the intestine undergoes a relative 
diminution in length, and vegetable is exchanged for animal diet. The little, 
tailed Frog can now leave the water and hop about upon land ; its tail is soon 
completely absorbed, and the metamorphosis is complete. 


Classification of the Amphibia. >. 

There are eight orders of Amphibia, five of which are extinct, and three 
living. The extinct orders have a completely roofed skuU, whereas their 
modem descendants have the number of skull-bones greatly reduced. It has 
been customary to place the extinct orders together in a sub-class, the 
St^ocephalia, and the modem orders in another, the Lissamphibia, but this 
implies that the modem form are all descendants pf a single group, whereas 

they are probably survivors of more than one of the early orders. 
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Order i. Ichthyost^galia. — ^Very primitive Amphibia known from only 
a few skulls which were discovered quite recently in rocks which may be 
either Upper Devonian or Lower Carboniferous in age. 

Order 2. Lahyrinthodontia. — ^Amphibia with the dentine of the teeth 
typically infolded at the base, with vertebrae consisting of neural arches 
resting on an intercentrum and, in addition, in the early forms, on a 
pleurocentnxm. This order includes the majority of the extinct Amphibia, 
and many of them reached a considerable size. Lower Carboniferous — 
Upper Trias. 

Order 3. Phyllospondylia. — Small, newt-like Amphibia with only the 
neural arches of the vertebrae ossified. Lower Carboniferous — Lower 
Permian. 

Order 4. Lepospondylia. — ^Amphibia with the neural arches co-ossified 
with the centra, which are of unknown composition. Frequently with the 
tabular bones enormously expanded. Lower Carboniferous— Lower Permian. 

Order 5. Adelospondylia. — This order is known from only a few genera. 
The neural arches are not fused with the single centra, which have 
perforations at each side. The composition of these centra is unknown. 
Lower Carboniferous — Lower Permian. 

Order 6. Urodela* — Newts arid Salamanders. Amphibia with greatly 
reduced skulls, but retaining the primitive body form. Cretaceous — 
Recent. 

Order 7. Anura* — Frogs and Toads. Tailless Amphibia with the 
hind limbs greatly enlarged for jumping. Triers — Recent. 

Order 8. Apoda* — Limbless, worm-like Amphibia known only from 
living forms. 

Systematic Position of the Example. 

The genus Rana belongs to the sub-family Raninte of the family Ranidce, 
which, with two others, constitutes the sub-order Diplasioccela of the order 
Anura. 

The absence of a tail and the specialisations of the hind-limbs and 
vertebral column place the genus among the order Anura. It is placed in the 
sub-order Diplasioccela by the articulations of the vertebral column ; the 
first seven vertebrae being procoelous, the eighth biconcave and the sacral 
vertebra convex anteriorly and with paired articulations posteriorly for the 
urostyle; and also by certain specialisations of the thigh musculature. It 
is placed in the family Ranidae on account of the cylindrical diapophyses and 
absence of intercalary cartilages, ajid in the sub-family Raninae by the bony 
sternum amd pointed or only, slightly dilated tips of the digits, which have 

• For a detailed classification of the modem orders, see Noble, Biology of the Amphibia. 
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no discs. The widespread genus Rana, which includes the great majority of 
the members of the sub-family, is difficult to define, difiering only slightly' 
from each of the other six genera. R. temporaria is distinguished from 
R. esculenta by its smaller size and brown colour, by the large black patch in' 
the tympanic region, and by the absence of external vocal sacs in the male. 




Fxg. 300. — ^Ichthyostega. Dorsal, ventral and lateral aspects, hs, basisphenoid ; do. supra- 
occipital ; ec. ectopterygoid ; en, external nares ; /. frontal ; in. internal nares ; j. jugal ; /. 
lachrymal ; m. maxilla ; n. nasal ; p. parietal ; pf. postfrontal ; pi, palatine ; pm. premaxilla ; 
po, postorbital ; pop. preopercular ; prf. prefrontal ; ps. parasphenoid ; pi. pterygoid ; pv. 
prevomer ; q. quadrate ; qj. quadrato-jugal ; r. rostral ; sm. septomaxillary ; sq. squamosal ; 
si. supratemporal ; tabular. (After Romer.) 


General Organisation. 

(a) Extinct Orders. 

The classification of the Amphibia is unsatisfactory because, vdth the 
exception of one recent discovery, there are no known links between the 
various orders found in the late Palaeozoic and early Mesozoic rocks and 
the three orders which survive to-day. 

The earliest known Amphibia are the Ichthyostegalia, which have been 
found quite recently in rocks which may be either Upper Devonian or Lower 
Carboniferous in age. At present only the skull is known, but this shows 
three interesting features (Fig. 300). A pre-opercular persists on the back of 
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the squamosal and quadratojugal bones as a relic of the fish opercular series ; 
the septomaxilla forms part of the dermal covering of the skull ; and the nose 
consists of a pit on the under side of the skull, which is bridged by a process 
of the maxilla and is divided into an anterior and posterior part. This last 
condition is similar to that found in the Dipnoi and some of the early 
Crossopterygians, while in all tetrapods the anterior opening of the nasal pit 
has migrated to the upper surface of the skull and has become completely 
closed off from the posterior opening so as to form true internal and external 
nares. 

The next order, the Labyrinthodontia, includes the majority of the extinct 
forms. Appearing first in the Carboniferous, it became abundant during the 
Permian, but did not survive beyond the Trias. Some of the early forms 
are very important, as they show features which are fish-like, and at the same 
time provide possible ancestors of the reptiles. Palceogyrinus (Fig. 301 b) has a 
long, cylindrical body with a powerful tail and poorly developed limbs. It 
has no neck, the shoulder-girdle being attached to the back of the skull by a 
post-temporal bone, as in fishes. The build of the skull of these Carboniferous 
forms is very similar in general structure to that of the Osteolepid fishes (Fig. 
301 b), except that the specialised hinge between the f rentals and parietals is 
missing. An important feature is seen in the structure of the teeth, which 
have the dentine infolded at the base into complicated grooves, as in the 
Osteolepids. The vertebrae are of a type known as embolomerous, consisting 
of a neural arch resting- on two notochordal centra, an anterior intercentrum 
and a posterior pleurocentrum (Fig. 302). The shoulder-girdle is similar to 
that of the Osteolepid fishes, particularly in retaining the post-temporal bone, 
except that an interclavicle has been added and the scapulocoracoid bone 
has increased in size (Fig. 303). The pelvis is peculiar in being the only one 
known among tetrapods which is not directly attached to the vertebral column, 
but was held in place by means of ligaments. 

In the course of their evolution the Lab5odnthodonts underwent a series 
of profound changes, one of the most important being in the structure of 
their vertebrae. The two centra present in each embolomerous vertebra of 
early Torms -were first reduced to two half-moon-shaped elements, and then 
the posterior pleurocentrum was further reduced to a pair of blocks of bone 
which lay behind the top of the intercentrum and the neural arch (Fig. 302). 
This condition is tjq)i(ial of the Permian forms, and is known as rachitomous. 
In the majority of Triassic Labyrinthodonts all trace of the pleurocentrum 
became lost (at least as a separate element), and the intercentrum re-developed 
into a solid centrum. This form of vertebra, composed only of the neural 
arch and the intercentrum, is termed stereospondylous. A convenient classi- 
fication of the Lab3?rinthodonts is based on these changes, and the order is 
thereby divided into three grades, the Embolomeri, Rachitomi and Stereo- 
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spondyli, typical respectiyely of the Carboniferous, Permian and Triassic 
periods. It must be remembered, however, that this clagsifir a ti n r i is only 
one of convenience, and does not bear any phylogenetic signifiranr^ 
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Many other changes of importance took place in the skeleton. The skull 
and body became flattened, most of the bones forming the brain-case were 
reduced (the loss of the basioccipital resulted in the formation of paired 
exoccipital condyles typical of all but the earliest amphibia) and a separation 

AMNIOTA AMPHIBIA 



Fig. 302. — Diagrams of the composition of the main types of Tetrapod vertebrae. 
Rib facets are black. Excavation in adelospondylous centrum is shaded. 


of the pterygoids from the parasphenoid in the mid-line resulted in the 
formation of large interpterygoid vacuities. Eryops, a form common in 
the Lower Permian rocks of North America, was much better fitted for 
life on land than Eogyrinus, the limbs being larger, the tail smaller and the 
lateral line system was apparently lost in the adult. By the Trias, however, 
VOL. II. z 
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the group returned to life in water, the head became relatively enormous, the 
limbs were reduced and the lateral line system persisted in the adult stage. 
It is interesting to notice that while the earliest members show fish-like 



features, and some had much in common with the earliest reptiles, the later 
members resembled the living frogs and newts in many features of their 
palates and brain-cases. 

There are three other orders of Palseozoic Amphibia, distinguished by the 
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structure of their vertebrae. The Phyllospondylia are abundant in some 
Carboniferous and Permian rocks of Europe and North America. They were 
small, newt-like forms which had only the neural arches of their vertebrae 
ossified. They had a complete roofing to their skull, but the brain-case was 
unossified, and the young had external gills which have been preserved in a 
number of specimens. The general build of these forms is so newt-like that 
many attempts have been made to ally them to the Urodeles, but positive 
evidence of this is still lacking. 

The Lepospondylia were forms whicli had the neural arches and the centra 
of the vertebrae co-ossified, and their constituents are problematical. Although 
the order includes forms of a generalised build, they are for the most part 
bizarre animals, with the posterior corners of the skull roof enormously 
enlarged, and a few were legless. Diplocaulus, which is found in the Lower 
Permian of North America, is one of the best-known forms. It was about 
two feet long, with a huge triangular head and small limbs. 

Only a few members of the Adelospondylia are known. Here the neural 



Fig. 304. — ^Nectorus maculatns. an. anus ; br. i — hr. 3 external gills ; hr. cl. z and 2. 

branchial clefts. 

arches were loosely attached to single centra, which were hollowed out by an 
excavation on each side. One American form, Lysorophus, is peculiar among 
early Amphibia in that some reduction of the skull-bones has taken place, but 
unfortimately it is specialised, and gives no evidence of relationship with later 
forms. 


(b) Modern Amphibia. 

External Charaeters. — ^An excellent example of the Urodela with persistent 
gills is afforded by the great North American Water-newt, Necturus maculatus 
(Fig. 304). The animal attains a length of 30 cm. (more than a foot) ; the 
elongated trunk is separated by a slight constriction from the depressed head, 
and passes insensibly into the compressed tail, which is bordered by a continuous 
median fin unsupported by fin-rays. The limbs are small and weak in propor- 
tion to the size of the body, and in the ordinary swimming attitude are directed 
backwards, more or less parallel to the sagittal plane, the upper arm and thigh 
taking a direction backwards and slightly upwards, the fore-arm and hand and 
the shank and foot extending backwards and downwards. Each limb thus 
presets an external or dorsal and an internal or ventral surface, an author or 
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pre-axial border, which terminates in the first digit, and a posterior or post-axial 
border, which terminates in the last digit. The eyes are small and have 
no eyelids, there is no t3nnpanic membrane, and the mouth is wide and bordered 
by thick lips. On each side of the neck are two gill-slits (6r. cl. i, br. cl. 2) 
leading into the pharynx, the first between the first and second branchial 
arches, the other between the second and third. From the dorsal end of each of 
the three branchial arches springs a branched external gill {br. i — br. 3). Very 



Fig. 305. — Siren lacertina. (From Mivart.) 


similar in its external characters is the blind, cave-dwelling Proteus] and 
Siren (Fig. 305) differs mainly in its elongated eel-like body and in the absence 
of hind-limbs. All three genera are perennibranchiate or persistent-gilled. 

The remaining Urodela are often called caducibranchiate or deciduous-gillcd, 
and furnish a complete series of transitions from derotrematous forms which, 
while losing the gUls, retain the gill-clefts, to salamandrine forms in which all 
trace of branchiate organisation disappears in the adult. In Amphiuma (Fig. 
306) the body is eel-like and the limbs are extremely small : there are no gills 
in the adult, but two pairs of gill-openings are retained throughout life. In 



Fig. 306. — ^Amphiuma tiidactyla. (From Mivart.) 


Cryptobranchus there is a single branchial aperture, sometimes present on the 
left side only; but, as in the previously mentioned genera, four branchial 
arches are retained. In Megalobatrachus, the Giant Salamander of Japan 
and China, all trace of gill-slits disappears, but two branchial arches persist. 
Lastly, in the Salamanders, such as the spotted Salamander {Salamandra 
maculosa. Fig. 307) of Europe, and the common British Newts (Molge), the 
adult has no trace either of gills or gill-slits, and the branchial arches are much 
reduced. The limbs, also, in the terrestrial Salamanders stand out fiom the 
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trunk, and have the soles of the feet and hands applied to the ground with the 
toes directed forwards, so as to support the weight of the body. Moreover, 
all trace of the median fin disappears, the tail becoming nearly cylindrical. 

In the Anura the body is always frog-like, the head being large and depressed, 
with a very wide mouth and large tympanic membranes, the trunk short, the 
tail absent, and the hind- much larger than the fore-limbs. In the Toads, such 
as the common British Bufo vulgaris, and most Tree-frogs, the webs between 



Fig. 308. CsBCilia pachynema. A, anterior extremity from the right side ; 

extremity from beneath, an. anus. (After Boulenger.) 


B, posterior 


the hind-toes are reduced or absent, and in many species of Hyla the toes end 
in rounded sucking-discs. 

In the G3minophiona (Fig. 308) the body is greatly elongated and snake-like, 
the head is small and not depressed, and the limbs are absent. There is no tail, 
the anus {an.) being at the posterior end of the body on the ventral surface. 
The Stegocephala, or Labyrinthodonts as they are frequently called, were 
mostly salamander-like, having long tails and well-developed limbs : some, 
however, were snake-Uke and limbless, and probably retained their external 
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gills throughout life. They varied in length from lo centimetres to several 
metres. 

The skin of Amphibia is soft and usually slimy, owing to the secretion of 
the cutaneous glands, which is sometimes poisonous. In some forms, such as 
Bufo and Salamandra, there are large swellings on the sides of the head, formed 
of aggregated glands, and called farotoids. In the larvae of both Urodela and 
Anura, and in the adult aquatic Urodeles, lateral sense-organs are present, and 
impressions on the cranial bones show these organs to have been well developed 
in the Stegocephala. The colour of the skin is often very brilliant : the 
Spotted Salamander is yellow and black, and many Frogs are green and gold, 
scarlet and black, and so on. The green colour of Tree-frogs is protective, 
serving to conceal them among the foliage of the plants on which they live. 
The brilliant and strongly contrasted hues of the spotted Salamander and of 
some Frogs are instances of " warning colours ” ; the animals are inedible owing 
to the acrid secretion of their cutaneous glands, and their conspicuous colours 
serve to warn off the birds and other animals which would otherwise devour 
them. A red-and-blue Nicaraguan Frog is said to show no sign of fear of the 
Frog-eating birds, while the edible and more plainly coloured species are in 
constant danger. In many Tree-frogs the brightness of the coloration varies 
with changes in the intensity of the light and in the surroundings. In many 
Toads the skin is dry and covered with warts. 

An exoskeleton is present in many Gymnophiona in the form of small dermal 
scales, and in some Anura in the form of bony plates beneath the skin of the 
back. In the Stegocephala a very complete armour of bony scutes was present, 
sometimes covering the whole body, sometimes confined to the ventral surface. 
In a Urodele, Onychodactylus, and in the South African Toad, Xenopus, small, 
pointed, horny claws are present on the digits. With these exceptions the skin 
is devoid of hard parts. 

Endoskeleton. — The vertebral column is usually divisible into a cervical region, 
containing a single vertebra devoid of transverse processes ; an abdominal or 
thoracolumbar region, containing a variable number of vertebrae with tramsverse 
processes and often with ribs; a sacral region, contaiining usually a single 
vertebra, the large tramsverse processes — or the ribs — of which give attach- 
ment to the ilia ; and a caudal region, forming the skeleton of the tail. In the 
Gymnophiona the caudad region is very short, amd there is no saicrum : in the 
Anura the caudad region is represented by a single rod-shaped bone, the urostyk. 
The total number of vertebrae may reach 230 in Urodela and Gymnophiona : 
in Anura there are only nme vertebrae and a urostyle. 

In the lower Urodela (Fig. 309, A and B) the centra au’e biconcave, as in 
fishes : they consist of dice-box-shaped shells of bone, lined at either end by 
cairtilage (Jvh.), which is continuous between adjacent vertebrae. The btaiy 
shell is developed before the caurtilaige appears, so that the vertebrae are, in 
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strictness, investing bones. The neural arches, on the other hand, are far more 
perfectly developed than in any fish, and have well-formed zygapophyses, 
which articulate with one another by synovial joints. 

The G3mmophiona also have biconcave vertebrae, but in the higher Urodela 
309* ^ -D) the Anura absorption of cartilage takes place between 

adjacent centra in such a way that the convex end of one fits into the concave 



Fig. 309. — ^Longitudinal sections of vertebral centra of A, Banidens ; B, Amblystoma ; 
C, Spelerpei ; and D, Salamandrina* Ch, notochord ; CK» intra-vertebral cartilage and fat-cells ; 
Gk, convex anterior face of centrum ; Gp, concave posterior face ; Jvk, inter- vertebral cartilage ; 
K, superficial bone of centrum ; Ligt. inter- vertebral ligament ; Mh, marrow-cavity ; R, transverse 
process ; S, intra- vertebral constriction. (From Wiedersheim's Comparative Anatomy,) 

end of the next, forming a cup-and-ball joint. In the higher Urodela the con- 
vexity is on the anterior, the concavity on the posterior face of each centrum 
(D), and the vertebrae are said to be ophisthocalous : in the Anura they axe 
usually, as in the Frog, procoelous. 

The first or cervical vertebra bears paired articular surfaces for the condyles 
of the skull, atnd between them the anterior face of the centrum gives off, in 
Urodela, a projection called the odontoid process. The Urodela, moreover, 
have ribs articulating with the transverse processes of the abdominal and sacral 
vertebrae : they are short bones, forked proximally, and the compressed trans- 
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verse processes are correspondingly divided. The sacral ribs of Urodeles give 
attachment to the ilia, and the caudal vertebrae bear haemal arches. 

The skull of Urodela differs from that of the Frog in many important 
respects, the most striking of which is the fact that the trabeculae do not meet 
either below the brain to form a basis cranii or above it to form a cranial roof. 
Thus, when investing bones are removed, the cranium (Fig. 310) is completed 
above and below in the parachordal or occipital region only : anterior to this 
it has side walls, but no roof or floor, there being above a huge superior cranial 

fontamelle, and below an equally large basi- 
cranial fontanelle, the former covered, in 
the entire skull, by the parietals and frontals, 
the latter by the parasphenoid. In the 
perennibranchiate forms Necturus axidProteus 
the trabeculae remain, even in the adult, as 
narrow cartilaginous bars, and the chondro- 
crainium is actually of a lower or more 
embryonic type than that of any other 
Craniata, with the possible exception of 
Cyclostomata. 

In the Urodela, moreover, the parietals 
(Fig. 311A, P.) and frontads (F.) are separate, 
the parasphenoid (Ps.) is not T-shaped, the 
palatine and vomer are sometimes represented 
by a single bone, the vomeropalatine {Vop.), 
bearing teeth. The suspensoriiun is inclined 
forwards, as in the tadpole, out backwards, 
as in the adult Frog. The hyoid arch is large, 
and its dorsal end may be separated as a 
hyomandibular. There are three or four 
branchial arches, which are large in the 
perennibranchiate forms, but undergo more 
or less reduction in caducibranch species, 
never, however, forming such a simple structure as that seen in the Frog. 
The stapes has no columella attached to it, and, in correspondence with 
this, there is no tympanic cavity or membrane. 

In the Anura there is a very wide range of variation in the skull. Among 
the most important points are the presence, in a few species,'of small supia- 
and basi-occipitals, and the fact that in others the roofing investing bones are 
curiously sculptured and so strongly developed as to give the skull a singularly 
robust appearance. 

In the Gymnophiona (Fig; 312) very little of the original cartilage remains 
in the adult state, but the investing bones are very large and form an extr^ely 



Fig. 310. — Protens angninns. The 

chondro-cranium from above, ant. 
antorbital process; Ex.OC. exoccipital 
and epiotic; hy.md. hyomandibular; 
i.fi. intemasal plate ; nch. notochord ; 
ot. otic process; ped, pedicle; 
PEeOT. pro-otic ; QU, quadrate ; 
sphenethmoid. {After W. K, 

Parker.) 
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Fig. 31 1. — Salamandra atra. The skull. from above; B, from below. In both the 
investing bones are removed on the right side of the figure. antorbital process; ^s, 

alisphenoid region ; Bp, basal plate ; Can, nasal cavity ; Ch, posterior nares ; Ct, process of 
intemasal plate ; Cocc, occipital condyles ; F. frontal ; FI, olfactory foramen ; Fov. fenestra 
ovalis ; IN. internasal plate ; LgC ligament connecting stapes with suspensorium ; M. maxilla ; 
N. nasal ; Na. nasal aperture ; NK, olfactory capsule ; OB, auditory capsule ; os, sphenethmoid 
(orbitosphenoid) ; Osp. supra-occipital region ; F, parietal ; Fa, ascending process of 
suspensorium ; ped. pedicle ; Ff. prefrontal ; Pnix. premaxilla ; Fot, otic process of suspensorium ; 
Fp. palatine process of maxilla ; Fs. parasphenoid ; Ft. pterygoid bones ; Ftc. pterygoid cartilage ; 
Rt, foramen for ophthalmic branch of trigeminal ; Qu. quadrate ; Squ. paraquadrate (squamosal) ; 
St. stapes ; Vo. vomer ; Vop. vomero-palatine ; Z, process of internasal plate ; 1 1, optic foramen ; 
V trigeminal foramen ; VII, facial foramen. (From Wiedersheim's Comparative Anatomy.) 



Fig. 312. — Skull of Xchtlisropills glutinoiat X 3. A, Lateral; B, Ventral; C, Dorsal view. 
A, posterior process pf the os articulare ; Ca. carotid foramen ; CA. choana or posterior nasal 
<^ening ; F. rrontal ; /. jugal ; LO, exoccipital ; Mx, maxilla ; N. nasal ; No. nostril ; O. orbit ; 

P. parietal ; Pa. palatine ; Pm. premaxilla ; Pof. postfrontal ; Prf. prefrontal ; Pt. pterygoid ; 

Q. quadrate; S. paraquadrate (squamosal); St. stapes; T. tentacular groove; Vo, vomer; 
, A. exit of vagus nerve. (After Sarasin.) 
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complete and substantial structure, especially remarkable for the way in which 
the small orbit ( 0 .) is completely surrounded by bones. 

The shoulder-girdle of Urodela (Fig. 313) is chiefly remarkable for the great 




Fig. 313. — A» right side of shoulder-girdle of 
S a lam a n dra ; B, shoulder-girdle and sternum of 
Amldsfltoma (Axolotl) from the ventral aspect, a, b, 
processes of scapula; C, (in B), coracoid; Cl, 
procoracoid ; Co, (in A), coracoid ; G. (in A), glenoid 
cavity ; L, its cartilaginous edge ; Pf, (in B), glenoid 
cavity; 5 . scapula; SS. supra-scapula ; s/. sternum; 

t- nerve foramina. (From Wiedersheim's Com- 
parative Anatomy.) 


size of the unossified coracoids 
{A, Co,, B, C,) which overlap one 
another on the ventral body- 
wall. The procoracoid [Cl.) is 
also large, and there is no 
clavicle. The sternum {St,) is 
usually a more or less rhomboid 
plate of cartilage between the 
posterior ends of the coracoids, 
and there is no omostemum. 
In Necturus, however, the 
sternum presents a very in- 
teresting structure : it is a 
narrow, irregular, median bar, 
sending off branches right 
and left into the myocommas, 



Fig. 314. — Pelvic girdle of 
maadia. a, b, processes of epipubis ; 
Ep, epipubis ; Fo. obturator f(»amen ; 
G. acetabulum ; //.ilium; /s. ischium; 
JP. pubis ; Sy. pubo-ischiatic sym- 
physis ; t» process of pubis present in 
some Urodeles. (From Wiedersheim.) 


a condition of things which suggests its origin by the fusion of abdominal ribs, or 
supporting structures developed between the ventral portions of the myomeres, 
just as the true ribs are formed between their dorsal portions. In the Anura 
the epicoracoids either simply meet one another in the middle ventral line, as in 
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Rana, or overlap, as in the Fire-toad {Bombinator) and the Tree-frogs (Hyla). 
The overlapping of the coracoids, in Anura as in Urodela, is sometimes correlated 
with the absence of an omostemum. In the Stegocephala there is a median 
ventral investing bone, the inter-clavicle, which is connected on each side 
with the clavicle, and extends backwards ventral to the sternum. There is 
also, on each side, a bone called the cleithrum, connected with the corresponding 
clavicle. 

In the pelvic girdle of the Urodela the combined pubic and ischiatic regions 
(Fig. 314, P., Is.) of the right and left sides are united to form an elongated 
cartilaginous plate which gives off on each side, above the acetabulum (G.), a 
slender vertical rod, the ilium (II.). Ossifications are formed in the iliac and 
ischiatic regions, but the pubic region remains cartilaginous. The resemblance 
of the pelvis of the lower Urodela, and especially of Necturus, to that of P0I57P- 
terus (p. 274) and of the Dipnoi (p. 297) is noteworthy. In Anura the pelvic 
girdle resembles that of the Frog. 

Attached to the anterior border of the pubic region there occurs in many 
Urodela and in Xenopus a rod of cartilage, forked in front, the epipubis (Ep.). 
It is developed independently of the pelvis, and its relations to that structure 
are very similar to those of the sternum to the shoulder-girdle ; it has, in fact, 
been proposed to call it a pelvi-sternum. 

The limbs of Urodela differ from the typical structure already described 
only in details : there are usually four digits in the fore-limb and five in the 
hind-limb. In Anura the limbs are modified by the fusion of the radius and 
ulna and of the tibia and fibula, and by the great elongation of the two proximal 
tarsals. A pre-hallux is frequently present. 

Myology. — In the lower Urodela the muscles of the trunk and tail occur in 
the form of typical myomeres like those of fishes. In the higher forms the 
myomeres become converted into longitudinal dorsal bands — ^the extensors of 
the hack, paired ventral bands — ^the recti abdominis, and a double layer of 
oblique muscles, covering the flanks. 

Digestive Organs. — The teeth are always small and ankylosed to the bones : 
they may be singly or doubly pointed. They occur most commonly on the 
premaxilike, maxillae and vomers, but may also be developed on the dentaries, 
palatines and, in one instance, on the parasphenoid. In many Anura, such as 
the Common Toad, teeth are altogether absent. 

The enteric canal is divisible into buccal cavity, phar3mx, gullet, stomach, 
small intestine, rectum and cloaca. The stomach and duodenum together 
form a U-shaped loop in which the pancreas lies. The tongue in many Urodeles 
is fixed and immovable, like that of a fish : in most Anura it is free behind, as 
in the Frog ; but in Xenopus and Pipa (hence called Aghssa) it is absent. 

Ito^iratory Organs. — ^With very few exceptions Amphibia possess external 
giU&m the larval state, and, in the perennibranchiate Urodela, these organs are 
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retained throughout life. They are branched structures, abundantly supplied 
with blood, and springing from the dorsal ends of the first three branchial 
arches. The epithelium covering them is ectodermal, so that they are cutaneous 
and not pharyngeal gills, and are of a totally different nature from the so-called 
external gills of the embryos of Elasmobranchii and Holocephali, which are 
only the filaments of the internal gills prolonged through the branchial 
apertures. 

Internal gills are developed only in the larvae of Anura. They appear as 
papillae on the outer borders of the branchial arches below the external gills. 
They closely resemble the internal gills of fishes and appear to be homologous 
with them, although it seems probable that their epithelium is ectodermal. 

In most adult Amphibia lungs are formed as outgrowths of the ventral wall 



Fig. 315. — Heart and chief arteries of Salamandra. A, larva; B, adult, af, br, a. i — 4, 
afferent branchial arteries ; fc. ao. bulbus aortae ; car, gl, carotid labyrinth ; c. art. conus arteriosus ; 
d. ao. dorsal aorta ; d. hot. ducths Botalli ; ex, br. i — external gills ; ext, car, external carotid ; 
ifit. car. internal carotid ; /. au. left auricle ; Ing, lung ; fl. plexus, giving rise to carotid labyrinth ; 
pul. a. pulmonary artery ; r. au. right auricle ; v, ventricle. (Altered from Boas.) 

of the oesophagus. The right and left lungs communicate with a common 
laryngo-tracheal chamber, supported by the cartilages of the larynx and opening 
into the mouth by a longitudinal slit, the glottis. In the more elongated forms, 
such as Siren, Amphiuma and the Gymnophiona, the lar3mgo-tracheal chamber 
is prolonged into a distinct trachea or wind-pipe, supported by cartilages. In 
many species of Salamanders the lungs are absent, and respiration is exclusively 
cutaneous and pharyngeal. 

CSreiilatory Orguis. — ^The heart always consists of a sinus venosus, right and 
left auricles, ventricle and conus arteriosus. The sinus venosus opens into the 
right auricle, the pulmonary veins enter the left, and the two are separated by a 
septum auricularum which forms a complete partition in Anuia, but in Urodela 
and Gymnophiona is more or less fenestrated, i.e. formed of a network of 
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muscular strands with intervening spaces. The conus arteriosus has no longi- 
tudinal valve in the lower Urodela and the Gymnophiona, but is separated both 
from the ventricle and from the bulbus aortae by transverse rows of valves. 

In the perennibranchiate Urodela and in the larvae of the air-breathing 
forms the circulation is essentially like that of a fish. The bulbus aortae (Fig. 
315, A, b, ao.), which represents an abbreviated ventral aorta, gives off four 
afferent branchial arteries {af. hr, a. i — ^4), three to the external gills, and a 
fourth which curves round the gullet and joins the dorsal aorta directly. From 
each gill an efferent branchial artery brings back the purified blood, and the 
efferent arteries unite, in a somewhat irregular way, to form the dorsal aorta 
{d, ao.). Each afferent with the corresponding efferent artery constitutes an 
aortic arch. Short connecting branches unite the afferent and efferent arteries 
of each gill, carotids {ext. car., int. car.) arise from the first efferent artery, and, 
when the lungs appear, a pulmonary artery {pul. a.) is given off from the dorsal 
portion of the fourth aortic arch of each side. In those Urodela which in the 
adult condition are devoid of gills, when the latter atrophy {B) the first aortic 
arch loses its connection with the dorsal aorta, and becomes the carotid trunk ; 
the second increases in size, forming the main factor of the dorsal aorta, and 
becomes the systemic trunk; the third undergoes great reduction, and the 
fourth becomes the pulmonary artery, its dorsal portion retaining its connection 
with the systemic trunk in the form of a small connecting branch, the ductus 
Botalli {d. hot.). In the Anura, as we have seen (p. 321), the third arch vanishes 
completely, and there is no ductus Botalli. 

As to the venous system, the Urodela exhibit very clearly the transition 
from the fish-type to the condition already described in the Frog. The blood 
from the tail is brought back by a caudal vein (Fig. 316, Caud. V.), which, on 
reaching the coelome, divides into two renal portal veins, one going to each kidney. 
From the kidney the blood is taken, in the larva, into paired cardinal veins, 
each of which joins with the corresponding jugular to form a precaval vein. 
In the adult the anterior portions of the cardinals undergo partial atrophy, 
becoming reduced to two small azygos veins {Card, post.) which receive the blood 
from the region of the back : their posterior portions unite and are continued 
forwards by a new unpaired vein, the postcaval {V. cava, inf.), which, joined by 
the hepatic veins, pours its blood into the sinus venosus. The iliac vein from 
the hind-leg divides into two branches : one joins the renal portal, the other, 
representing the lateral vein of Elasmobranchs, unites with its fellow in the 
middle ventral line to form the abdominal vein {Abd. V.) and joins the hepatic 
portal, its blood after traversing the capillaries of the liver, being returned by 
the hepatic vein into the post-caval. 

The red corpuscles are oval and nucleated, and are remarkable for their 
unusual size. Those of Amphiuma are the largest known, being about mm. 
in diameter, or eight times that of a human red corpuscle. 
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Fig. 316. — ^Salamandxa maculosa* Venous system, diagrammatic, from the ventral aspect. 
A ltd. V. abdominal vein; Card, post (As,), azygos vein; Caud. V. caudal vein; Cut m, left 
musculo-cutaneous vein ; Cut m^, the same on the right side (partly removed) ; D, intestine ; 
Duct Cuv. precaval vein ; H, heart ; Jug, ext, external jugular ; Jug, int, internal jugular ; Lg. V, 
mesenteric vein ; L, Pf, hepatic portal system ; L, V, hepatic vein ; N, kidney ; Nier, Pft Kr, 
renal portal system ; Sin, ven, sinus venosus ; Subct subclavian vein ; V, adv, branches of renal 
portal vein ; V, Cava inf, postcaval ; V, iliaca, iliac vein ; V, rev, renal veins ; ♦, cloacal veins ; 
f . branch of iliac to renal portal vein ; lateral vein. (From Wiedersheim's Comparaiive 
Anatomy.) 
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Nervous System and Sen 5 e-Organs.'-The brain of Urodela differs from that 
of the Frog in its more elongated and slender form, in the comparatively small 
size of the optic lobes, and in the non-union of the olfactory bulbs. The 
olfactory sacs always open into the mouth by posterior nares situated behind or 
external to the vomers. The eye has no lids in the lower forms and is degenerate 
in the cave-dwelling Proteus and in some G3nmnophiona. The Urodela, the 



Fig, 317, — Diagrams of urinogenital organs of male {A) and female (B) Urodele. a, collecting 
tubes; GN, sexual portion of kidney; No, testis; Ig. {Ur) Wolffian duct; ntg. mg\ vestigal 
Miillerian duct of male ; fng, (Od), oviduct ; N, non-sexual portion of kidney ; Ov. ovaxy ; Ve, vasa 
efferentia ; t* longitudinal canal. (From Wiedersheim's Comparative Anatomy, after Spengel.) 


Gymnophiona, and some Anura have no tympanic cavity or membrane, and 
no columella ; there is, however, a stapes (Figs. 295, stp.) in the form of a nodule 
of cartilage inserted in the fenestra ovalis. In the perennibranchiate Urodeles 
and in the larvae of the air-breathing forms lateral-line sense-organs are present. 
There was an extensive lateral-line system, leaving its impress on the bones of 
the skull, in the Stegocephala. 

Oigaiis. — In the Urodela the kidn^s (Fig. 317, N) are much 
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elongated and are divided into two portions, a broad posterior part, the 
functional kidney (GN), and a narrow anterior sexual part connected in the 
male with the efferent ducts of the testis. Numerous ducts leave the kidney 
and open into the Wolffian (mesonephric) duct [Ig. {Ur.)}, which thus acts as a 
" ureter ” in the female, as a urinogenital duct in the male. The oviduct [mg. 
(Od.)} is developed from the Mullerian duct, a rudiment of which {mg., mg'.) 
occurs in the male. In the Gjnnnophiona the kidneys extend the whole length 
of the coelome, and in the young condition are formed of segnientally arranged 
portions, each with a nephrostome and a glomerulus, as in Myxihoids (see 
p. 144). A pronephros is present in the larva, but disappears in the adult, A 
urinary bladder is almost always present, opening into the cloaca and having 
no connection with the mesonephric ducts. In some G5nnnophiona the cloaca 
can be protruded and acts as a penis. 

Reproduction and Development. — External impr^nation takes place in 
Anura, but in many Urodela the sperms are aggregated into spermatophores 
by glands in the wall of the cloaca, and these, being deposited on the body 
of the female, are taken into the cloaca and effect internal impregnation. 

Several curious instances of parental care are known. A number of different 
species of Frogs and Toads construct nests or shelters of leaves or other materials 
in which the eggs are deposited and in which the young are developed. In the 
Obstetric Toad {Alytes obstetricans) of Europe the male winds the strings of 
eggs — formed by the adhesion of their gelatinous investment — ^round his body 
and thighs, where they are retained until the tadpoles are ready to be hatched. 
In Rhinoderma darwini, a little South American Frog, the eggs are transferred 
by the male to his immense vocal sacs, which extend over the whole ventral 
surface, and there hatched. In another Anuran, Nototrema (Fig. 318), there is a 
pouch on the back of the female in which the eggs are stored, the young being 
hatched in some species as tadpoles, in others in the adult or Frog form. In 
the Surinam Toad {Pipa americana. Fig. 319) the skin on the back of the female 
becomes soft and spongy during the breeding season : the eggs are placed on 
it by the male, and each sinks into a little pouch of skin covered by a gelatinous 
him. The embryos, which have a large yolk-sac, develop in these pouches ; 
they never possess external gills, and are hatched in the adult form. In the 
case of several species the tadpoles are carried about by the female, adhering 
to her dorsal surface by suckers or by a viscid secretion. Another Anuran 
Pseudis paradoxa, is remarkable for the fact that the tadpole is many times 
larger than the adult. 

Some Salamanders ( 5 . maculosa and 5 . atra) and a species of Csedlia are 
viviparous. In the Black Salamander ( 5 . atra) , though many are developed 

only two larvae survive, one in each oviduct, these being nourished in l^er 
stages by means of the remainder of the eggs. The farva in this species possi^ses 
long plume-like extemad gills during its existence in the ovi 4 n<ct« sledding tl)^ 
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before birth. If, however, the unborn young is removed from the oviduct and 
placed in water, it swims about like an ordinary aquatic larva, losing its long 
gills and developing a new and shorter set. Most Gymnophiona lay their 
eggs in burrows, but the larvae in some cases lead an aquatic life for a time, and 




Fig. 318. — Nototrema mar- Fig. 319. — Pipa amerioana. Female. 

SQpiatum. Female, with pouch (From Mivart.) 

opened. (From Mivart.) 


during this period possess, like tadpoles, a tail with a tail-fin which afterwards 
undergoes absorption. The larvae of most Gymnophiona have long external 
gills (Fig. 320). 



Fig. 320. — ^Icbtliyophif glntinon, X i. r, a nearly ripe embryo, with gills, tail-fin, and still 
with a considerable amount of yolk ; 2, female guarding her eggs, coiled up in a hole underground ; 
3, a bunch of newly-laid eggs ; 4, a single egg, enlarged, schematised to show the twisted albuminous 
strings or chalazae within the outer membrane, which surrounds the white of the egg. (After 
P. and F. Sarasin.) 

A very interesting case of padogenesis is furnished by the Axolotl {Ambly- 
sioma tigrinum). This animal frequently undergoes no metamorphosis, but 
breeds in the gilled or larval state (Fig. 321) . But under certain circumstances the 
gilb are lost, the gill-slits close, and a terrestrial salamandrine form is assumed. 
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It is to the branchiate stage that the name Axolotl properly applies ; before the 
metamorphosis was discovered its connection with Amblystoma was not 
suspected, and it was placed in a distinct genus, Siredon, among the Perenni- 
branchiata. 

Segmentation of the egg in the Anura and Urodela is always complete but 
unequal. In Pipa and Alytes there is a large quantity of food-yolk, and the 
developing embryo lies on the surface of a large yolk-sac. In the Gymnophiona 
the eggs, which are singularly like those of a bird, are of large size, and segmen- 
tation is partial, the formation of segments at the pole of the egg opposite that 
at which the formation of the embryo begins taking place only at the stage of 
gastrulation : the embryo is coiled over the surface of the yolk as in the 
Trout. 

Distribution. — The Urodela are almost exclusively Palaearctic and Nearctic 
forms, occurring in North America, Europe, Asia and ‘North Africa : a few 
species extend southwards into 
the Neotropical and Oriental 
regions. The Gymnophiona, on 
the other hand, are mainly 
southern, occurring in the 
Neotropical, Ethiopian and 
Oriental regions, but are absent 
in Australasia and the Pacific 
Islands. The Anura are almost 
universally distributed, and are 
abundant in all the greater zoo- 
geographical regions : they are, however, represented by only one species in 
New Zealand, and are absent in most oceanic islands, a fact due to the fatal 
effects of salt water upon the eggs and embryos of Amphibia as well as upon 
the adults. 

The Origin and Relationships of the Amphibia. 

Since Amphibia were the first vertebrates to adapt themselves to life on 
land, much of their interest lies in the way in which they fulfilled the various 
requirements for such a profound change of environment. A fish which is to 
adapt itself to life on land must be able to breathe oxygen directly from the air 
as it would no longer be able to use gills ; to move without the aid of water to 
support its weight ; to resist loss of water through its skin. The lateral-line 
sense-organ can na longer function, and soon disappears except in the larvae 
and some primitive forms. A comparison of the earliest Amphibia with some 
palaeozoic fishes shows many resemblances between the embolomerous Lab5nin- 
thodonts and the Osteolepids of the Devonian. This is particularly marked 
in the general structure of the skulls (Fig. 301 B) ; in the similar "labyrintho- 



Fic. 321. — AmUystoma tigrinnm. Larval or 

Axolotl stage. (From Mivart.) 
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dont ” pattern of the teeth ; in the possession of large palatal " tusks,” and the 
persistent fish-like character of the shoulder-girdle of such forms as Eogyrinus. 
And the comparison of the two types throws some light on the probable mode 
of origin of some of the tetrapod structures. 

That lungs of a simple type had already been evolved by the early bony 
fishes is demonstrated by the development of internal and external nares in 
some of the Osteolepids, by the retention of functional lungs in the modem 
Dipnoi, and of the air-bladder, a modified lung, in the Teleosts. For sup- 
porting the weight on land the limb-girdles were strengthened by the addition 
of an interclavicle bracing the two halves of the shoulder-girdle together, and 
by the attachment of the pelvic girdle to sacral ribs. Unfortunately we know as 
yet no animal with a limb-stracture intermediate between that of the fish paired 
fin and the pentadactyl limb, but fishes are known to-day in which the pectoral 
fins have the anterior part modified and strengthened, so that while they use 
the fin when swimming, it can also be used to support the body on the bottom or, 
in some cases, on land, and the structure of the fins of some of the Osteolepids 
suggests that the pentadactyl limb may have arisen in an analogous way. The 
early Amphibia tended to inherit the scales of their fish ancestors, but later 
these were lost, and in the living forms there are mucous glands in the skin 
which prevent excessive loss of water. The lateral line system was lost in the 
land-living adults, but was retained in the larvae, and is present in the larvae 
of modern Amphibia. 

It is plain from a study of the Amphibia that the Permian and later forms 
had already become far too speciadised to have been ancestral to the reptiles 
(traces of which order are found in the Carboniferous), but the earliest reptiles 
are so similar to the carboniferous Labyrinthodonts that it is often hard to 
aistinguish between them, and their relationship seems very close. The prin- 
cipal difference between them lies in the composition of the vertebrae, for while 
the amphibia tended to reduce the posterior pleurocentra, the reptiles reduced 
the anterior intercentra and evolved what are known as gastrocentrous 
vertebrae (Fig. 302). 

The recent discovery of a Frog ancestor, Protobatrachus massinoti, may solve 
the problem of the origin of the order Anura. In this animal the skuU is similar 
to those of modem Frogs, except that an opisthotic has been retained, the ribs 
are short, and the skin impression shows it had a frog-like waist. The presacral 
vertebrae are reduced in number, although there are more than eight, and there 
are free caudal vertebrae. The form is frog-like in having..an elongated iUum 
and a fairly long femur, but the radius and ulna and the tibia and fibula are not 
fused. The critical question, the structure of the vertebrae, is not yet settled, 
but the centra were evidently well ossified. PaUsobatrachm was found in the 
Lower Triais of Madagascau’, while the earliest true Frog remaiins occur in the 
Upper Jurassic. 
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CLASS. REPTILIA. 

Introduction. 

Reptiles, birds, and mammals are grouped together because they have 
certain features in common in which they differ from the lower vertebrates. 
The most important of these is the occurrence in all three classes of two embry- 
onic membranes termed the amnion and allantois, to be described subsequently. 
In addition, they have gastrocentrous vertebrae (p. 337) and a metanephric 
kidney. Accordingly the term Amniota is used for the group formed by these 
three highest classes of the vertebrates, while the Fishes and Amphibia are 
referred to as the Anamniota. 

The division of the Amniota into three classes — the reptiles, birds, and 
mammals — ^is kept because it is convenient, but it is unsatisfactory, since it 
does not present the true phylogeny. It has been shown that the amniote 
stem divided at a very early stage, one line giving rise to a number of orders of 
mammal-like " reptiles ” and the mammals, whilst the other gave rise to the 
majority of " reptilian ’’ orders and to the birds. In view of this history it 
would be better to express the phylogeny by placing the earliest, amphibian- 
like members in a class Protosauria, the mammal-like reptiles and their descen- 
dants, the mammals, in a class Theropsida, and the typical reptiles and the 
birds in a class Sauropsida. This diphyletic evolution, together with the fact 
that reptiles were extremely abundant and varied in form during the Mesozoic 
era, makes it very difficult to give an entirely satisfactory definition of a reptile, 
which can only be described as an amniote which lacks the diagnostic features 
of either mammals or birds. 

The class Reptilia comprises four orders having living representatives, ih 
addition to many extinct orders. In the Mesozoic period the class reached its 
maximum both in'the number of its representatives and the size which many 
of them attained ; at that period they were very unmistakably the dominant 
class of the Animal Kingdom. In the Tertiary period they underwent a decline, 
while the birds and, in a yet higher degree, the mammals, were gaining a pre- 
ponderance over them. The living reptiles are the Lizards and Chamseleons ; 
the Snakes; the Tuataras; Tortoises, and Turtles; and the Crocodiles and 
Alligators. Though homy scales are not by any means present in all the rep- 
tiles, their occurrence as a complete covering is characteristic of the group and 
almost peculiar to it. When scales are not present, the epidermis is always 
hardened and comified so as to form plates of homy material, such as the homy 
plates of the Tortoises, which protect the underlying parts from injury and 
desiccation. Bony plates are frequently present as well. In most respects 
the internal stracture of the Reptilia shows a very decided advance oa that of 
the modem Amphibia. The skuU and the pectoral and pelvic arches are more 
completely ossified, and both vascular and nervous systems show a higher grade 
of organisation. 
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Example ok the Class.— A Lizard (LaceHa). 

The most striking external differences between the Lizard (Fig. 322) and the 
Frog are the covering of scales, the comparative smallness of the head, and the 
presence of a distinct neck, the great length of the caudal region, the shortness 
of the limbs, and the approximate equality in length of the anterior and pos- 
terior pairs. The anterior limbs are situated just behind the neck, springing 
from the trunk towards the ventral surface. The fore-hmb, like that of the 
Frog, is divided into three parts : the upper-arm or brachium, the fore-arm or 
anti-brachium, and the hand or manus ; there are five digits provided with horny 



Fig. 322. — Laoerta viridis. (After Brehm.) 


claws, the first digit or pollex being the smallest. The hind-limbs arise from 
the posterior end of the trunk towards the ventral aspect ; each, like that of 
the Frog, consists of three divisions — thigh or femur, shank or crus, and foot or 
pes. The pes, like the manus, terminates in five clawed digits, of which the 
first or hallux is the smallest. The head is somewhat pyramidal, slightly 
depressed : the openings of the external nares are situated above the anterior 
extremity. The mouth is a wide slit-like aperture running round the anterior 
border of the head. At the sides are the eyes, each provided with upper and 
lower opaque, movable eyelids and with a transparent third eyelid or nictitating 
meiftbrane, which, when withdrawn, lies in the anterior angle of the orbit. 
Behind the eye is a circular brown patch of skin — the tympanic membrane — 
corresponding closely to that of the Frog, but somewhat sunk below the general 
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level of the skin. The trunk is elongated, strongly convex dorsally, flatter at 
the sides and ventrally. At the root of the tail on the ventral surface is a slit- 
like transverse apertxure — the anus or cloacal aperture. The tail is cylindrical, 
thick in front, gradually tapering to a narrow posterior extremity ; it is nearly 
twice as long as the head and trunk together. 

There is an exoskeletpn of homy scales covering all parts. These are formed 
from folds of the dermis, each covered with a thick homy epidermal layer. 
In size they differ in different positions. On the dorsal surface of the trunk 
they are small, hexagonal, and indistinctly keeled ; on the ventral surface they 
are larger and are arranged in eight longitudinal rows. Immediately in front 
of the cloacal aperture is a large pre-anal plate. A collar-like ridge of larger 
scales surrounds the throat. On the tail the scales are elongated, keeled, and 
arranged in regular transverse (annular) rows, giving the tail a ringed appear- 
ance. On the surface of the limbs the scales of the pre-axial (radial or tibial) 
side are larger than those of the post-axial (ulnar or fibular). The scales on 
the upper surface of the head {head-shields) are large, and have regular and 
characteristic arrangement. 

Endoskeleton. — The vertebral column is of great length and made up of a 
large number of vertebrae. It is distinctly marked out into regions, a cervical 
of eight vertebrae, a thoraco-lumbar of twenty-two, a sacral of two, and a caudal 
of a considerable but indefinite number. A vertebra from the anterior thoracic 
region (Fig. 323, A, B) presents the following leading features. The centram 
{cent.) is elongated and strongly procalous, i.e., the anterior surface is concave, 
the posterior convex ; the neural arch bears a short neural spine {sp.). There 
are pre- and post-zygapophyses {pr. zy. pt. zy.), the former with their articular 
surfaces directed upwards, the latter downwards. On each side at the junction 
of centmm and neural arch is a facet — the capitular facet — for the articulation 
of a rib. The cervical vertebrae in general are similar in essential respects to 
those of the tnmk, but are somewhat shorter. The first two, however, differ 
greatly from the others. The first is the atlas (C, D). It has no distinct centrum, 
but is in the form of a ring ; ventrally on its anterior face it bears a smooth 
articular facet for the occipital condyle of the skull. It consists of three distinct 
ossifications, one ventral, the others dorso-lateral : the latter do not quite meet 
dorsally, being separated by a space bridged over by membrane. The second 
or axis {£) has a short conical process — ^the odontoid process {od.) — ^projecting 
forwards from its centmm. In the natural position of the parts the odontoid 
process — ^which is a part of the centrum of the atlas, and is not actually fused 
with, though firmly fixed to, the axis — lies ip the lower or ventral part of the 
opening of the atlas, separated by a ligamentous band from the upper portion, 
which corresponds to the neural arch, and lodges the anterior end of the spinal 
cord. On the ventral surface of the axis and of each of the following five or six 
vertebrae is a distinct bony nodule, sometimes termed , the intercetutrum or 
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hypapophysis {hyp.). The sacral vertebr® have short centra and strong ex- 
panded processes — the transverse processes — ^which abut against the ilia ; these 
are separately ossified, and are to be looked upon as sacral ribs. The anterior 
caudal vertebrae are like the sacral, but have the centra longer, the transverse 
processes more slender, and the neural spines longer. The posterior caudal 
vertebrae become gradually smadler as we pass backwards, and the various 
processes reduced in prominence, until, at the posterior end of the tail, the whole 
vertebra is represented merely by a rod-like centrum. Attached to the ventral 
faces of the centra of a number of the anterior caudal vertebrae are Y-shaped 



Fig. 323. — Vertebrae of Lizard. A, 
anterior; B, posterior view of a thoracic 
vertebra ; C, lateral, D, anterior view of 
atlas vertebra ; E, lateral view of axis. 
cent, centrum ; hyp. hypapophysis of axis ; 
lat. lateral piece of atlas; lig. ligamentous 
band dividing the ring of the atlas into 
two ; neur. neural arch of atlas ; od. 
odontoid process ; pr. zy, prezygapophysis ; 
pt. zy. post-zygapophysis ; th. rib ; sp. 
spine ; vent, ventral piece of atlas. 
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Fig. 324. — Pectoral arch and sternum of 
Lacerta agdlis. ol. clavicle ; cor. coracoid ; ep. 
cor. epicoracoid ; epist. episternum ; glen, glenoid 
cavity for head of humerus ; pr. cor. procoracoid ; 
r. I — r. 4 first to fourth sternal ribs ; sc. scapula ; 
st. sternum ; spura. sc. suprascapula. (After 
Hoffmann.) 


bones — ^the chevron bones — the upper limbs of the Y articulating with the 
vertebra, while the lower limb extends downwards and backwards. In nearly 
all the caudal vertebrae the centrum is crossed by a narrow transverse unossified 
zone through which the vertebra readily breaks. The ribs are slender curved 
rods, the vertebral ends of which articulate only with the capitular facets of the 
corresponding vertebrae, there being no direct articulation with the transverse 
processes. The ribs of the five anterior thoracic vertebrae are connected by 
means of cartilaginous sternal ribs with the sternum. The posterior thoracic 
ribs do not reach the sternum, the sternal ribs being very short, and free at 
their ventral ends. The cervical ribs, which are present on all the cervical 
vertebrae with the exception of the first three, are all shorter than the thoracic 
ribs, aind none of them is connected with the sternum. Thus, as regairds the 
structure of the vertebrae themselves, there is nothing to distinguish the 
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posterior cervical from the anterior thoracic ; but, for convenience of description, 
the first thoracic is defined as the first vertebra having ribs connected with the 
sternum. 

The sternum (Fig. 324, st.) is a rhomboidal plate of cartilage with a small 
central space, or fonianelle, completed by membrane. Posteriorly it is produced 
into two slender flattened processes; On its antero-lateral borders are articular 
surfaces for the bones of the pectoral arch, and on its postero-lateral borders 
and the processes are small facets for the sternal ribs. 

In the skull (Fig. 325) the chondrocranium, though persistent, is replaced 
by bones to a much greater extent than in the Frog, and the number of invest- 
ing bones is much greater. On the dorsal and lateral surface are a large number 
of dermal roofing bones. At the posterior end the rounded aperture of the 
foramen magnum [for. mag.) is surrounded by four bones — a basioccipital {bas. 
oc.) below, exoccipitals [ex. oc.) at the sides, and a supraoccipital [supr. oc.) 
above. The basioccipital forms the floor of the most posterior portion of the 
cranial cavity ; posteriorly it bears a rounded prominence, the occipital condyle 
(oc. cond.). In front of it, forming the middle portion of the floor of the cranial 
cavity, is the basisphenoid (bas. sph.), not represented in the Frog, in front of 
which again is an investing bone, the parasphenoid (para.), corresponding to 
the bone of the same name in the Frog and Trout, but here much reduced in 
size and importance and ankylosed with the basisphenoid. 

In the wall of the auditory capsule are three ossifications — pro-otic, epiotic, 
and opisthotic (op. ot.). The first remains distinct, the second becomes merged 
in the supraoccipital, and the third in the exoccipital. The exoccipital and 
opisthotic are produced outwards as a pair of prominent horizontal processes, 
the parotic processes. 

The large orbits are closely approximated, being separated only by a thin 
vertical interorbital septum. The cranial cavity is roofed over by the parietals 
(par.) and f rentals (fr.). The former are united together; in the middle is a 
small rounded aperture — the parietal foramen (par. /.). The frontals remain 
separated from one another by a median frontal suture : between them and 
the united parietals is a tranverse coronal suture. The nasal cavities are 
roofed over by a pair of nasals (nas.). A small pre-frontal (pr. fr.) lies in the 
front of the frontal, and helps to bound the orbit anteriorly, and another small 
bone — the lacrymal (Icr.) — ^perforated by an^ aperture for the lacrymal duct, 
lies at the anterior extremity of the orbit, just within its border. A row of small 
bones — the supra-orbitals (s. orb.) — ^bounds the orbit above, and behind is a 
post-orbital or lateral post-frontal (pt. orb.) articulating with the frontal. Just 
behind the post-orbital is a supra-temporal bone (supra t. x), in close relation to 

which are the quadrato-jugal (sq.) and squamosal (supra t.z)} the former bending 

■> 

1 There is not as yet any agreement as to the true homologies of some of these bones. They 
are also called squamosal and tabular. 
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forwards and upwards to form with the post-orbital the superior temporal arch. 
At the anterior extremity of the snout is a median bone formed by the coal- 



Fig. 325. — Skull of Lacerta agilis. A, from above; B, from below; C, from the side. 
ang, angular; art, articular; has. oc. ^asi-occipital ; has. ptg. basipterygoid processes; has. $ph. 
basisphenoid ; col. epipterygoid ; cor. coronary ; dent, dentary ; eth. ethmoid ; ex. oc. exoccipital ; 
ext. nar. external nares ; for. mag. foramen magnum ; fr. frontal ; int. nar. internal nares ; ju. 
jugal ; Icr. lacrymal ; max. maxilla ; nas. nasal ; oc. cond. occipital condyle ; olf. olfactory 
capsule ; opi. oi, opisthotic ; opt. n. optic nerve ; pal. palatine ; par. parietal ; para, parasphenoid ; 
par. f. parietal foramen ; p. mx. premaxillae ; pr. fr. pre-frontal ; ptg. pterygoid ; pt. orb. post- 
orbital or lateral post-frontal; qu. quadrate; s. ang. supra-angular ; $. orb. supra-orbitals ; sq. 
paraquadrate ; supra t. i. supratemporal 1 ; supra t. 2. squamosad ; irans. transverse or 
ectopterygoid ; supr. oc. supra-occipital ; vom. vomer. The unlettered bone internal to pt. orb. 
in .<4 is the post-frontal. The transverse line behind fr. is a superficial mark, not a suture. 
(After W. K. Parker.) 


escence of the two premaxiUa {p. mx .) ; this bears the four anterior teeth of each 
side. On each si(te behind the premaxilla is the maxilla {max.), consisting of 
two portions, an alveolar bearing all the rest of the teeth, and a palatine 
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extending inwards on the roof of the mouth, together with an ascending process 
articulating with the nasal and pre-frontal above. Articulating behind with 
each maxilla is jugal (ju.), which forms the posterior half of the ventral boun- 
dary of the orbit. The quadrate (qu.) articulates movably with the parotic 
process, and bears at its distal end the articular surface for the mandible. 

In the anterior portion of the roof of the mouth, articulating in front with 
the premaxillse and maxillae, are the vomers (vom.). Behind and embracing 
them posteriorly are the flat palatines {pal.). The elongated pterygoids {ptg.) 
articulate in front with the posterior extremities of the palatines : behind each 
articulates with the corresponding basi-pterygoid process {bas. ptg.) of the basi- 
sphenoid, and sends back a process which becomes applied to the inner face of 
the quadrate. A stout bone which extends between the maxilla externally and 
the pterygoid internally is termed the transverse bone or ectopterygoid {trans.). 
Extending nearly vertically downwards from the pro-otic to the pterygoid is a 
slender rod of bone, the epipterygoid [col.]. 

The columella is a small rod partly composed of cartilage and partly of bone 
the outer end of which is fixed into the inner surface of the tympanic membrane, 
while the inner is attached to a small aperture, the fenestra ovalis, in the outer 
wall of the auditory capsule between the pro-otic and the opisthotic. 

Certain depressions or fossae and. aper tures or foramina are to be observed 
in the skull. The foramen magnum, the parietal foramen and the orbits have 
already been mentioned. The posterior temporal fossa is situated on either side 
of and above the foramen magnum, bounded above and externally by the roof- 
ing bones, and on the inner side by the bones of the occipital region. The 
inferior temporal fossa is bounded internally by the pterygoid, and is separated 
from the palatine foramen by the transverse bone. The lateral temporal fossa 
is the wide space in the side wall of the skull behind the orbit the bony bar 
which limits it above is the superior temporal arch ; a bony inferior temporal or 
quadratojugal arch is here absent. The tympano-eustachian fossa, situated in 
the auditory region, is bounded by the bones of that region together with the 
quadrate. The posterior or internal nares are bounded posteriorly by the 
palatines. The anterior or external nasal aperture is situated at the anterior 
extremity of the skull bounded by the nasals and premaxillse. 

Each ramus of the mandible consists of six bony elements in addition to the 
slender persistent Meckel’s cartilage. The proximal element is the articular 
{art.), which bears the articular surface for the quadrate, and is produced back- 
wards into the angular process. The angular {ang.) is a splint-like bone 
covering the ventral edge and the lower half of the outer surface of the articular. 
The supra-angular (s. ang.) overlies the dorsal edge smd upper half of the outer 
surface of the same bone. The dentary {dent.) forms the main part of the distal 
portion of the msmdible, and bears all the mandibular teeth. The spienial is 
a flat splint applied to the inner face of the dentary. The coronary {cor.), a 
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small, somewhat conical bone, forms the upwardly directed corotwid process 
immediately behind the last tooth. All these, with the exception of the arti- 
cular, are investing bones. 

The hyoid apparatus {vide Fig. 330, b. hy.) consists (i) of a median cartila- 
ginous rod, the basi-hyal, (2) of the anterior cornua, elongated cartilaginous rods 
which, connected ventrally with the basi-hyal, curve round the gullet and end in 
close relation with the ventral surface of the auditory capsule, (3) of the middle 
cornua, rods of cartilage ossified at their proximal ends, and (4) of the posterior 
cornua, cartilaginous rods arising from the posterior edge of the basi-hyal and 
passing backwards and outwards. The middle cornua are vestiges of the first, 
the posterior of the second branchial arch. 

In the pectoral arch (Fig. 324) the coracoids are flat bones articulating with 
the antero-lateral border of the sternum, and bearing the ventral half of the 
glenoid cavity (glen.) for the head of the humerus ; a cartilaginous epicoracoid 
(ep. cor.) element hes on the inner side of the procoracoid and coracoid ; a large 
gap or fenestra divides each coracoid into a narrow anterior portion — the 
procoracoid (pr. cor.), and a broader posterior portion, the coracoid proper (cor.). 
The scapula (sc.) articulate with the outer ends of the coracoids, and each bears 
the dorsal half of the glenoid cavity. Dorsally, the scapulae become expanded, 
and each has connected with it a thin plate of partly cadcified cartilage — the 
suprascapula (supra, sc.), which extends inwards towards the spinal column on 
the dorsal aspect of the body. An element not hitherto met with, except in the 
Stegocephala (p. 355), is the interclavicle or episternum (epist.), a cross-shaped 
investing bone, the stem of which is longitudinal and is in the posterior portion 
of its extent closely applied to the ventral surface of the anterior part of the 
sternum, while the cross-piece is situated a httle in front of the scapula. The 
clavicles (cl.) are flat curved bones articulating with one another in the middle 
line and also with the anterior end of the interclavicle. The bones of the 
fore-limb consist of a proximal bone or humerus, a middle division composed of 
two bones — the radius and ulna — and a distal division or manus. In the 
natural position of the parts the humerus is directed, from the glenoid cavity 
with which it articulates, backwards, upwards, and outwards ; the radius and 
ulna pass from their articulation with the humerus downwards and slightly 
forwards, while the manus has the digits directed forwards and outwards. 
When the limb is extended at right angles to the long axis of the trunk, it 
presents, like that of the Frog, dorsal and ventral surfaces, and pre-axial and 
post-axial borders. In this radius is seen to be pre-axial, the ulna post-axial. 
In the natural position the pre-axial border of the humerus is external, and the 
distal end of the fore-arm is rotated in such a way that, while the pre-axial 
border looks forwards and outwards at the proximal end, it faces directly 
inwards at its distal end, the manus being rotated so that its pre-axial border 
looks inwards. 
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The humerus is a long bone consisting of a shaft and two extremities, each of 
the latter being formed of an epiphysis of calcified cartilage, the proximal 
rounded, the distal [trochlea) pulley-like, with two articular surfaces, one for 
the radius and the other for the ulna. The radius is a slender bone consisting 
like the humerus, of a shaft and two epiphyses ; the distal extremity has a 
concave articular surface for the carpus, and is produced pre-axially into a 
radial styloid process. The proximal end of the ulna is produced into an up- 
wardly directed process — the olecranon : the distal end bears a convex articular 
surface for the carpus. The carpus (Fig. 326) is composed of ten small polyhe- 
dral or rounded carpal bones. These consist of a proximal row containing three. 



Fig. 32(). — Carpus of 
Lacerta agilis, (left) from 
above. R. radius ; U. 
ulna ; c, centrale ; f . inter- 
medium ; r. radiale ; u, 
ulnare ; i — 5, the five 
distal carpals ; f , pisiform ; 
I — V, the five metacarpals. 
(From Wiedersheim’s Com- 
parative Anatomy.) 



Fig. 327. — Pelvis of Lacerta vivipara, from the 
ventral side. acetabulum ; epipubis. Fo\ 

foramen for obturator nerve ; Hp, Is. hypoischium ; 
J. ilium ; ff, process representing the pre-acetabular 
part of the ilium ; Lg. ligament ; Is. ischium ; p. 
pubis ; pp. prepubis ; 5 . Is. ischiatic symphysis. 

(From Wiedersheim’s Comparative Anatomy.) 


viz., the radiale [r.) ulnare (u.), and intermedium (i.), of a centrale (c.), and of a 
distal row of five (J-5) ; with an accessory or pisiform (f) bone attached to the 
distal epiphysis of the ulna on its post-axial side. The first digit or pollex 
consists of a metacarpal and two phalanges, the second of a metacarpal and three 
phalanges, the third of a metacarpal and four phalanges, the fourth of a meta- 
carpal and five phalanges, and the fifth of a metacarpal and three phalanges, 
The number of phalanges in the first four digits is, therefore, one more than the 
serial number of the digit. 

The pdvic arch (Fig. 337) consists of two triradiate bones, the ossa inno- 
minaia, each ray being a separate bone. On the outer side at the point from 
which the rays diverge is a concave articular surface — ^the acetabulum (Ac .) — 
for the head of the femur. From the region of the acetabulum one of the rays, 
the ilium (/.), a compressed rod, passes upwards and backwards to articulate 
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with the sacral region of the spinal column. A second ray — the pubis {p ,) — 
passes downwards and forwards to meet its fellow in the middle line, the arti- 
culation being termed the pubic symphysis. In the middle line in front, 
between the anterior ends of the pubes, is a small nodule of calcified cartilage, 
the epipubis {Cep.). The third ray or ischium {Is.) runs downwards and back- 
wards, and articulates with its fellow in the ischiatic symphysis, the ventral ends 
of the two bones being separated by a plate of calcified cartilage (S. Is.). 
Between the pubes and ischia is a wide space, the obturator foramen, divided by a 
median ligament (/g.) into a pair of apertures, and a smaller aperture in each 
pubis (Fo.) transmits the obturator nerve. A small rod of bone, the os cloacce, 
or hypoischium {Up. Is.), passes backwards from the ischiatic symphysis and 
supports the ventral wall of the cloaca. 

The hind-limb consists, like the fore-limb, of three divisions; these are 
termed respectively the proximal or femur, the 
middle or crus, and the distal or pes. The 
proximal division consists of one bone, the femur ; 
the middle division of two, the tibia and fibula ; 
the distal of the tarsal and metatarsal bones and the 
phalanges. When the limb is extended at right 
angles with the trunk, the tibia is pre-axial and 
the fibula post-axial : in the natural position of 
the parts the pre-axial border is internal in all 
three divisions of the limb. The femur is a stout 
bone consisting of a shaft and two epiphyses. 

The proximal epiphysis develops a rounded head 
which fits into the acetabulum ; near it on the pre- 
axial side is a prominence, the lesser trochanter, and a nearly obsolete pro- 
minence on the post-axial side represents the greater trochanter. The distal 
extremity is pulley-shaped, with internal and external prominences or condyles 
for articulation with the tibia ; immediately above the external condyle is a 
prominence or tuberosity for articulation with the fibula. The tibia is a stout, 
curved bone, along the anterior (dorsal) edge of which runs a longitudinal ridge, 
the cnemial ridge : the promimal extremity presents two articular surfaces for 
the condyles of the femur. The fibula is a slender bone, the proximal end 
articulating with the external tuberosity of the femur, the distal with the tarsus. 

The tarsus (Fig. 328) comprises only three bones in the adult, one large 
proximal bone, the tibio-fibulare {tb. fb.), and two smaller distal {tars. dist.). 
Each digit consists of a metatarsal bone and phalanges, the number of the latter 
being respectively two, three, four, five, and three. The first and second 
metatarsals articulate with the tibial side of the tibio-fibulare, the rest with the 
distal tarsals. 

Digestive System. — The upper and lower jaws, forming the boundary of 



Fig. 328. — Tarsus of Lacerta 
agilis,/^. fibula ; th. tibia ; th.fb. 
tibio-fibulare ; tars. dist. distal 
tarsals. (After Gegenbaur.) 
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the aperture of the mouth, are each provided with a single row of small conical 
teeth, and there is a patch of similar teeth {^palatine teeth) on the palatine. 
On the floor of the mouth-cavity is the tongue, a narrow elongated fleshy organ, 

bifid in front. 

The stomach (Fig. 329, M, Fig. 331, St.) is 
a cylindrical organ but little wider than the 
oesophagus, and with thick muscular walls. At 
the point where the small intestine joins the 
large intestine or rectum, the latter is produced 
into a short ccecum (Fig. 331, coec.). The liver 
(Ir.) is divided into right and left lobes, and a 
gall-bladder (Fig. 329, GB. ; Fig. 330, g.b. ; 
Fig. 331, g.bl.) lies at the lower margin of the 
right lobe. The pancreas (pn.) is situated in the 
loop between the stomach and first part of the 
small intestine or duodenum. The stomach 
is attached to the body-wall by a fold of 
peritoneum, the mesogaster, the small intestine 
by a fold termed the mesentery, the rectum by 
a mesorectum. From the dorsal surface of the 
liver to the stomach extends a thin fold, the 
gastro-hepatic omentum', and this is continued 
backwards as the duodeno-hepatic omentum, 
connecting the liver with the first portion of the 
small intestine. 

Vascular System. — ^The heart is enclosed, 
like that of the Frog, in a thin transparent 
membrane, the pericardium. It consists of a 
sirnts venosus, right and left auricles, and an 
incompletely divided ventricle. The sinus venosus 
(Fig. 330, s. V.), into which the large veins open, 
is thin-walled, and has a smooth inner surface. 
From it a sinu-auricular aperture, guarded by 
a two lipped valve, leads to the right auiicle. 
The auricles have their inner surfaces raised up 
into a network of muscular ridges, the musculi 
pectinati. Both auricles open into the cavity 
of the ventricle, the aperture of communication, or auriculo-vewtricular 
aperture, being divided into two by the auricular septum, and guarded 
by the auriculo-ventricular valve, consisting of two semilunar flaps. The 
ventricle (Fig. 330, v. ; Fig. 331, vent.) has very thick spongy waUs and a small 
cavity divided into two parts by an incomplete muscular partition. From tiie 



Fig. 329.— LacMte agilis. 
General view of the viscera in their 
natural relations. Bl. urinary 
bladder ; Ci, post-caval vein ; 
ED, rectum; GB, gall-bladder; 
H. heart ; L. liver ; Lg, Lg'. 
the lungs; M, stomach; MD, 
small intestine ; Oe, oesophagus ; 
Pn. pancreas ; Tr. trachea. 
(From Wiedersheim's Comparative 
Anatomy.) 
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part of the ventricular cavity to the right of the partition arises the pulmonary 
artery ; from the part to the left are given off the right and left aortic arches. 
When the two auricles contract, the blood from the right auricle (venous blood) 



Fig. 330. — Lfioortft viridis. Dissection from the ventral aspect showing the alimentary, 
circulatory, respiratory, and urinogenital organs (nat. size). The liver (/y.) is divided longi> 
tudinally and its two halves are displaced outwards ; the alimentary canal is drawn out to the 
animal's left ; the cloaca with the urinary bladder and posterior ends of the vasa deferentia 
is removed, as also is the right adipose body. a. co. anterior cornu of hyoid; ar. azygos or 
cardinal vein ; d. hy. body of hyoid ; c. caudal vein ; c, <id, adipose body ; c> m. coeliaco-mesenteric 
artery ; cm. caecum ; cr. carotid artery ; d. ao. dorsad aorta ; du. duodenum ; e.ju. external jugular 
vein ; epididymis ; ep. g, epigastric vein ; /. a. femoral artery ; /. v. femoral vein ; g. b. gall- 
bladder ; #. ju, internal jugular vein ; il. ileum ; i. m. posterior mesenteric arteries ; k, kidney ; 
la. o. left aortic arch ; 1. au. left auricle ; Ig. lungs ; Ir. liver ; m. co. middle cornu of hyoid ; p. a, 
pulmonary artery ; pp. pericardium ; p. co. posterior cornu of hyoid ; pn. pancreas ; pi. pelvic 
vein ; pt. c, postcaval vein ; pt. v. hepatic i>ortal vein ; p. v. pulmonary vein ; r. rectum ; r. au. 
right auricle ; t. h. a. right hepatic artery ; sc. sciatic vein ; scl. a. subclavian artery ; scl. v. 
subclavian vein ; spl. spleen ; st. stomach ; s. v. sinus venosus j th. thyroid gland ; tr. trachea ; 
testis ; v. ventricte. (From Parker's Zootoniy.) 
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tends to run more to the right-hand portion of the cavity of the ventricle 
while that from the left auricle (arterial) occupies the left-hand portion. When 
the ventricle begins to contract, its walls come in contact with the dorsal and 
ventral edges of the ventricuku: partition, thus completing the separation of the 
right-hand part of the cavity, containing venous blood, from the left-hand part, 
containing arterial and mixed blood ; and the further contraction results in the 
driving of the venous blood through the pulmonary artery to the lungs and of 
the rest through the aortic arches to the head and body. {Vide Fig. 385.) 

From the right aorta arise the carotid arteries (Fig. 330, cr . ; Fig. 331, car. 
art.), and each runs for some distance parallel with the corresponding aortic arch, 
with which it anastomoses distaUy (the connecting part being termed the 
ductus caroticus), having previously given off the carotid artery proper, by means 
of which the blood is carried to the head The two aortic arches curve backwards 
round the oesophagus, one on the right hand and the other on the left, and meet 
in the middle line dorsally to form the median dorsal aorta (Fig. 330, d. ao . ; 
Fig. 331, dors. aort.). From the right arch, just in front of the junction, arise 
the two subclavian arteries (Fig. 330, s. cl. a.), right and left, each running out- 
wards to the corresponding fore-limb. From the dorsal aorta the first important 
branch given off is the cceliaco-mesenteric (c. m.). This shortly divides into two 
trunks, a cceliac (Fig. 331, coel. a.) supplying the stomach, spleen, pancreas, 
duodenum, and left lobe of the liver, and an anterior mesenteric supplying the 
posterior part of the small intestine. Three small posterior mesenteric arteries 
given off farther back supply the large intestine. Posteriorly, after giving off 
renal and genital branches, and a pair of large iliacs to the hind-limb, the dorsal 
aorta is continued along the tail as the caudal artery (Fig. 331, caud. art.). 
Throughout its length, in addition to the larger branches mentioned, the dorsal 
aorta gives origin to a regularly-arranged series of pairs of small vessels, the 
intercostal and lumbar arteries, giving off branches that enter the neural canal 
and others that supply the muscles and integument. 

The venous blood from the tail is brought back by means of a caudal vein 
(Fig- 330. This bifurcates at the base of the tail to form the two pelvic 
(lateral) veins {pi.) ; these unite to form the median epigastric or abdominal {ep. 
g.), which eventually enters the left lobe of the liver. Entering the pelvic veins 
are the femoral and sciatic veins from the hind-limb. Arising from the pelvic are 
the renal portal veins distributed to the substance of the kidneys. The efferent 
renal veins, carrying the blood from the kidneys, combine to forin a pair of large 
trunks, which soon unite to form the median postcaval. The postcaval runs 
forwards towards the heart, and, after receiving the wide hepatic vein from the 
liver, enters the sinus venosus. 

Two precavals, right and left, carry the blood from the anterior extremities 
and the head to the sinus venosus. The right precaval is formed by the imion 
of the internal and external jugular and the sx/Mavian. On the left side the 
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Fig. 332. — ^Brain of Iiaeeita vlfidlf. A, from 
above* with the left hemisphere {c. h,) and optic 
lobe {o, /.) opened. B, from beneath. C, from 
the left side. D* in longitudinal vertical section. 
a, c, anterior commissure; aq, s. aqueduct of 
Sylvius; cb. cerebellum; c, c. crura cerebri; 
c. h. cerebral hemispheres ; ch, p, choroid plexus ; 
c. s, corpus striatum ; /. m. foramen of Monro ; 
inf, infundibulum ; m, o, medulla oblongata ; 
0, c, optic chiasma; 0, /. optic lobes; olf. 
olfactory bulbs with their peduncles 01 tracts ; 
o, t, optic tracts ; 0, v, apertim between aqueduct 
of Sylvius and optic ventricle; p, c, posterior 
commissure; pn, pineal apparatus; pty, 
pituitary body ; v, diaccele ; v, 4, metacoele ; 
I — A”//, cranial nerves. (From Parker's 
Zootomy) 


nnetwork of delicate ridges, having the 


precaval is formed by the union 
of internal jugular and subclavian, 
the left external jugular being 
absent. 

The liver is supplied, as in other 
Vertebrates, by a hepatic portal 
system of vessels, blood being carried 
to it by a portal vein, formed by the 
union of gastric pancreatic, splenic, 
and mesenteric veins. 

The adipose bodies (Fig. 330, c. ad.) 
are two masses of fat of somewhat 
semilunar shape in the posterior part 
of the abdominal cavity, between 
the peritoneum and the muscles of 
the body-wall. 

The thyroid is a whitish, trans- 
versely-elongated body on the ventral 
wall of the trachea, a short distance 
in front of the heart. 

The spleen (Figs. 330 and 331, 
spl.) is a small red body lying in the 
mesogaster, near the posterior end of 
the stomach. 

■ Organs of Respiration. — A slit- 
like aperture, the glottis, situated 
behind the tongue, leads into a short 
chamber, the larynx, the wall of 
which is supported by cricoid and 
arytenoid cartilages. From the 
larynx an elongated cylindrical tube, 
the trachea, passes backwards on the 
ventral side of the neck. Its wall is 
supported by a large number of 
small rings of cartilage, the tracheal 
rings. Posteriorly the trachea bifur- 
cates to form two similar but 
narrower tubes, the bronchi, one 
entering each limg. The lun^ (Fig. 
330, Ig.) is a fusiform sac, the inner 
lining of which is raised up into a 
appearance of a honeycomb ; these 
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ridges are much closer and more numerous towards the anterior than towards 
the posterior end of the lung. 

The brain (Figs. 33a and 333) presents all the parts that have been des- 
cribed in the brain of the Frog (p. 325), with some minor modifications. The 
two cerebral hemispheres (parencephala) (Fig. 332, c.’h.) are oval bodies, some- 
what narrower in front than behind, closely applied together. Each is pro- 
longed anteriorly into the corresponding olfactory peduncle or tract, somewhat 
dilated in front to form the olfactory bulb [olf.) from which the olfactory nerve 
arises. In the interior of each is a cavity, the lateral ventricle or paraccele, 
sending a prolongation forwards into the olfactory bulb, and communicating 
behind by a small aperture, the foramen of Monro {D,f. m.), with the diacoele 
(v. .3). Through the foramen of Monro there passes into each paraccele a 
vascular process of pia mater, the choroid plexus [ch. p.) : immediately above 
and behind this is a hippocampal commissure {c.p.a.) connecting together two 
areas known as hippocampi, one on the mesial surface of each hemisphere. On 
the floor of each paraccele is a thickened mass of nerve-matter, the corpus 
striatum (c. s.), and between them passes a transverse band of nerve-fibres, the 
anterior commissure (a. c.). The diencephalon is a small rounded lobe between 
the paracceles and the mid-brain, containing a laterally compressed cavity, the 
diacoele (v. 3). Its roof is extremely thin. Its lateral walls are formed of two 
thickenings, the optic thalami, behind which passes a transverse band, the 
posterior commissure {p. c.). Behind and below the thalami are the optic 
tracts (0. t.) continued into the optic nerves. Behind the optic tracts the floor 
is produced downwards into a tubular process, the infundibulum {inf.), ending 
below in a rounded body, the pituitary body or hypophysis (pty.). The roof is 
produced into a median outgrowth, the pineal apparatus (Fig. 332, D, pn . ; 
Fig. 333, Z), which is divided into two parts, one of which has connected with 
its distal extremity an eye-like structure, the parietal organ or pineal eye (Fig. 
333, pa), Ijdng in the parietal foramen, while the other is the pineal organ or 
epiphysis. In front of the epiphysis, in the velum transversum {v. t.), a trans- 
verse fold of the thin roof of the brain marking the anterior limit of the dien- 
cephalon, is another commissure, the aberrant commissure (c./>.^.), which connects 
together the posterior and dorsal parts of the parencephala ; this is not repre- 
sented either in the Frog or in higher vertebrates. The mid-brain consists 
dorsally of two oval optic lobes {corpora bigemina. Fig. 332, 0. 1 .) and ventrally 
of a mass of longitudinal nerve-fibres, the crura cerebri {c. c.), passing forwards 
to the fore-brain. Each optic lobe contains a cavity {optocoele) communicating 
with the iter, a narrow passage leading from the diacoele to the metaccele. The 
cerebellum {cb.) is, like that of the Frog, of small size, being a sihaU antero- 
pbsteriorly flattened lobe overlapping the anterior portion of the metaccele. The 
metencephalon (medulla oblongata, m. 0.), broad in front, tapers behind to 
where it passes into the anterior portion of the spinal cord. The metaccele is a 
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shallow space on the dorsal aspect of the medulla oblongata, overlapped in 
front for a short distance by the cerebellum, and behind covered only by the 
pia mater, containing a network of vessels, the choroid plexus of the metacoele 
(Fig. 333, pch.). At the point where medulla oblongata and spinal cord meet is 
a strong ventral flexure. 

The spinal cord is continued backwards throughout the length of the 
neural canal, becoming slightly dilated opposite the origins of the two pairs of 
limbs and tapering greatly towards the posterior end of the tail. 



Fig. 333. — Longitudinal section of brain of an embryo of Lacerta vivipara» X 26. ab, olfactory 
area ; bl, blood-sinus ; bo» olfactory bulb ; c, cerebellar commissures ; ca, anterior commissure ; 
ch. superior (habenular) commissure ; ck, central canal of spinal cord ; cp, ^posterior commissure ; 
cpa, anterior pallial (hippocampal) commissure ; cpo, posterior optic commissure ; cpp, posterior 
pallial (aberrant) commissure ; cs, spinal commissure ; cw, swelling of optic chiasma ; e^, para- 
physis ; hm, cerebral hemisphere ; hy, hypophysis ; in, inter-orbital septum ; J (and s), ventricle 
of infundibulum; opt, optic chiasma; pa, parietal organ; pch, choroid plexus on medulla 
oblongata ; R, 4th ventricle ; ro, optic recess ; si, sulcus intraencephalicus posterior ; tp, tuber- 
culum posterius superius; tr, lamina terminalis; ventral flexure of medulla oblongata; 
VC, valvula cerebelli; vp, posterior medullary velum; vt, velum transversum; Z, epiphysis. 
(From Wiedersheim and Parker's Comparative Anatomy, after K. von Kupffer.) 

The cerebral nerves resemble those of the Frog as regards their origin and 
distribution in most respects, the principal difference being that a spinal 
accessory is intercalated in front of the hypoglossal, and that the hypoglossal 
arises from the medulla oblongata, not from the spinal cord, and is therefore a 
cerebral nerve. 

The nasal cavities (Fig. 334) open at the extremity of the snout by the 
external nares, and into the cavity of the mouth by a pair of slit-like internal 
nares situated near the middle line of the palate.- The external aperture opens 
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into a sort of vestibule, beyond whicli is the nasal or olfactory cavity proper, 
containing a convoluted turbinal bone over which the mucous membrane extends. 
Opening into each nasal cavity, near the internal opening, is Jacobson’s organ 
(J, J.), an oval sac with strongly pigmented walls supported by cartilage. 

The has a cartilaginous sclerotic having a ring of small bones (Fig. 335) 
supporting it externally. There is a cushion-like pecten or vascular pigmented 
process similar to the structure of the same name occurring in birds (see below. 
Class Aves) , projecting into the inner chamber of the eye. In essential structure 



Fig. 334 . — Transverse section 
of the nasal region of the head of 
Lacerta to show the relations of 
Jacobson's organs. D, nasal 
glands ; J, /. Jacobson’s organs ; 
N, N» nasal cavities. (From 
Wiedersheim’s Comparative Ana- 
tomy,) 



Fig* 335* — Ring of 
ossicles in sclerotic of 
eyeof Laoerta. (After 
Wiedersheim.) 



Fig. 3 36. — Membranous labyrinth of 
Lacerta viridis, viewed from the outer side. 
aa. anterior ampulla ; ac, auditory nerve ; 
ade. opening of the ductus endolympha- 
ticus ; ae, external ampulla ; ap. posterior 
ampulla ; br, basilar branch of nerve ; ca, 
anterior semicircular canal; ce, external 
semicircular canal; op, posterior semi- 
circular canal ; cus, canal connecting 
utriculus and sacculus; de, ductus endo- 
lymphaticus ; I, cochlea ; mb, basilar 
membrane ; raa, rae, rap, rl, branches of 
auditory nerve ; s, sacculus ; ss. common 
canal of communication between anterior 
and posterior semicircular canals and 
utricle ; u, utriculus. (From Wieders- 
heim's Comparative Anatomy, after 
Retzius) 


the rest of the eye agrees with that of the Craniata generally as already 
described. Two glands lie in the orbit, the lacrymal and the Harderian. 

The ear consists of two principal parts, the internal ear or membranous 
labyrinth, and the middle ear or tympanum. The latter is closed externally by 
the t5mipanic membrane, the position of which has been already mentioned. It 
co mmuni cates with the cavity of the mouth by the Eustachian passage, which 
is narrower and longer than in the Frog. The inner wall of the tympanic cavity 
is formed by the bony wall of the auditory region of the skull, in which there are 
two fenestrse — the fenestra ovalis and the fenestra rotunda. The columella 
stretches across the cavity from the tympanic membrane, and is fixed internally 
into the membrane covering over the fenestra ovalis. 

The parts of the membranous labyrinth (Fig. 336) are enclosed by the 
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bones of the auditory region : between the membranous wall of the labyrinth 
and the surrounding bone is a small space containing fluid, the perilymph. The 
labyrinth itself consists of the uiriculus with the three semicircular canals and 
the sacculus with the cochlea (lagena). The uiriculus {u.) is a cylindrical tube, 



Fig. 337. — ^Male urinogenital organs of 
Laoerta riridia. The ventral wall of the 
cloaca is removed, the bladder is turned 
to the animars right, and the peritoneal 
covering of the left testis and epididymis 
is dissected away. bl. urinary bladder; 
b, Ig, fold of peritoneum supporting epidi- 
d3rmis; cl^, anterior and cl*, posterior 
divisions of the cloaca ; ep. epididymis ; 
k, kidney; mso. mesorchium; p. copu- 
latory organs, of which the right is shown 
retracted Ip') and the left everted (p ) ; 
r. nt. retractor muscle of latter ; r. ridge 
separating anterior and posterior divisions 
of cloaca ; ref. rectum ; ret', its opening 
into the cloaca; t, testis; u. g. urino- 
genital papilla and aperture; v. d. vas 
deferens. (From Parker's Zootomy.) 



Fig. 338. — Female urino- 
genital organs of Laoerta viiidis. 
The ventral wall of the cloaca, 
the urinary bladder, the pos- 
terior end of the left oviduct, 
and the peritoneal investment of 
the left ovary and oviduct are 
removed, b. Ig. broad ligament ; 
cl^. anterior and cl*, posterior 
divisions of the cloaca ; k. 
kidney ; mso. mesoarium ; od. 
left oviduct; od'. its peritoneal 
aperture ; od". aperture of right 
oviduct into the cloaca ; ov. 
ovary; ur. aperture of ureter. 
(From Parker's Zootomy.) 


bent round at a sharp angle : the semicircular canals {ca., ce,, cp.) are arranged 
as in vertebrates in general (p. 116). A narrow tube, the ductus endolymphaiicus, 
leads upwards towards the roof of the skull and ends blindly in the dura mater. 
The sacculus is large and rounded. The cochlea (/.) forms a flattened, not wpry 
prominent, lobe, and is of simple form. 

Urbiary and Reprodnetive Systmns.— The kUmys ^Fig^ 337 and 338, h.) 
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are a pair of irregularly shaped, djtfk red bodies, each consisting of two lobes, 
anterior and posterior, situated in close contact with the dorsal wall of the 
posterior portion of the abdominal cavity, and covered with peritoneum on their 
ventral faces only. Their posterior portions, which are tapering, are in close 
contact with one another. Each has a delicate duct, the ureter, opening 
posteriorly into the cloaca. A urinary (allantoic) bladder (bl.), a thin-walled 
sac, opens into the cloaca on its ventral side. 

In the male the testes (Fig. 337, t.) are two oval white bodies, that on the 
right side situated just posterior to the right lobe of the liver, that on the left 
somewhat farther back. Each testis is attached to the body-wall by a fold of the 
peritoneum, the mesorchium (mso.). The epididymis (ep.) extend backwards 
from the inner side of each testis, and passes behind into a narrow convoluted 
tube, the vas deferens or spermiduct (w. d.), which opens into the terminal part 
of the corresponding ureter. A pair of vascular eversible copulatory sacs {p, 
p'), which when everted are seen to be of cylindrical form with a dilated and 
bifid apex^ open into the posterior part of the cloaca. 

In the female the ovaries (Fig. 338, ov.) are a pair of irregularly oval bodies 
having their surfaces raised up into rounded elevations, marking the position 
of the ova. They are situated a little farther back than the testes, and each is 
attached to the body-wall by a fold of the peritoneum, the mesovarium (mso.). 
The oviducts (od.) are thin-walled, wide, plaited tubes which open in front into 
the cavity of the body (od'.), while behind they communicate with the posterior 
part of the cloaca, their opening (od") being distinct from, and a little in front 
of, those of the ureters. A fold of the pertioneum, the broad ligament (b. Ig), 
attaches the oviduct to the body-wall. 

Interrelationship of the Reptilian Groups. ^ 

One of the most important features of the reptiles is the evolution of the 
temporal regio n of t heir skuUs, the structure of this region being of co nsider able 
help in their classification (Fig. 339). < 

The most primitive forms, the Co^hsauria, had a complete bony roofing 
in the temporal region, as did the early Amphibia from which the reptiles 
orig^ted. llus t37pe of skulls is Imown as Anapsid. According to most 
authontles it is still found in the livingjCAcZowf'a (sometirnes modified by emar- 
gination), which, together with the Cotylosaurs, form the sub-class Anapsida. 

From this primitive skull there evolved two principal types. The first of 
these has a single v acui ty in each side, and is known as SyNAPSiiXT" The 
vacuity was bounded at i^t by^the post^rbital.and sqijamo^ ^nes above, 
and the squamosal and jugal bones bdow, but later the parietal^app^red vdthin 
. Hie opening ombg to the enlargement of the vacuity and reduction m size of the 
'pQgt::0{:bital. ' Five orders of reptiles having this type of skull are therefore 
grouped as the sub-class Synapsida. They include the ancestors of mammals 
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SYNAPSID (Mammol) 







DIAPSip (Lizard) 



Fio. 339. — Diagtams showing tho dispositipn of the vacuities and of certain bones in the types 
of reptilian skulls. P. parietal ; PF. post-frontal ; PO. post-orbital ; /. jugal ; QJ . quadratO^ 
jugal ; quadrate ; 5. squamo^. 


PHYLUM CHORDATA 


377 


which themselves have this tjT)e of skull further modified by the loss of the 
post^rbital and quadratojugal bones and by the incl usion of the quadrate 
w ithm the ear. 

A later modification of the primitive type is known as PiAPsm. Here 
there are two vacuities in the temporal region, with the post-orbital and squamo- 
sal meeting between them. This condition is found in the majority of reptiles 
(e.g., Crocodilia, " Dinosaurs,” Pterosaurs), and in a modified form in the 
lizards, snakes, and also the birds. The lizards lost the quadratojugal, thus 
opening the lower vacuity below, the snakes carried this modification still 
further by reducing or losing the post-orbital and losing the jugal. The birds 
lost the post-orbital with the result that the two vacuities and the orbital ' 
opening are confluent. 

A few small reptiles (efg., Araeoscelis) have a single temporal vacuity 
differing from the synapsid type in that the post-orbital and squamosal meet 
below the opening. Some authorities believe this vacuity is homologous with 
the upper vacuity of the diapsid skull, and that the vacuity of the S3mapsid 
skull is homologous with the lower vacuity of the diapsid skull, and so have 
given it another name — Parapsid. '' The few forms known to have this type 
of skull are so problematical that they are not further discussed in this work, 
but it should be noted that it has been held that the lizards evolved from a form 
with a parapsid skull and a sub-class has been constituted for them. 

Two aquatic groups, the Ichthyosauria and Plesiosauria, have single 
temporal vacuities in the skull, and in both cases the post-orbital meets the 
squamosal below the opening. Their skulls, however, are peculiar, and there iss 
little other evidence in the skeletons of these reptiles to ally them to the other ^ 
orders, largely on account of the modifications for swimming, and it is probably 
best to leave them as isolated orders until primitive forms are found which 
indicate their relationships. It is possible that they may have arisen from 
independant amphibian stocks. 

It appears therefore that the primitive reptiles with a completely roofed, 
or anapsid, skull gave rise to two major groups, the Synapsida and the Diapsida, 
and possibly to a third, the Parapsida. \ - 

CLASSIFICATION. 

SUPER-ORDER I.— ANAPSIDA. 

ORDER'I. — COTYLOSAURIA. ^ 

The most primitive, reptiles, the Cotylosaurs, are also the oldest, ranging 
from the Upper Carboniferous to the Middle Trias when they became extinct. 
Much of their interest lies in the close resemblance many of them bear to the 
eariy Labyiinthodont Amphibia. They are to be distinguished frmn these 
only by their gastrocentrous vertebras and a few minor features, but resemble 
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them in general build and in their primitive " belly-crawling ” mode of progres- 
sion. The group is very likely mixed in origin, and the members composing it 
are held together chiefly by two characters : the complete roofing of the skull 
and the flattened, plate-like pelvis. 

These reptiles show few specialisations, and varied in size from about a foot 
to the six or seven feet of the Parieasaurs. Three sub-orders are recognised. 
The Seymouriamorpha (e.g., Seymouria) (Fig. 340) include the most primitive 
forms, the Captorhinomorpha (e.g., Captorhinus, Labidosaurus) are small forms 
showing affinities with the Synapsida, and the Diadectomorpha (e.g., Diadectes, 




Fig. 540. — Skeleton and life restoration of Cotylosaurs : A. Diasparactus, (After Case.) 

B. Seymouria. This animal is about two feet long. 

Parieasaurus, Procolophon) which survived into the Trias and include the 
majority and have some features in common with the Diapsida. 

Order 2. — Chelonia. 

Reptilia in which the skuU is without temporal vacuities. A condition which 
is regarded by some as primitive, by others as secondary (see pp. 375-76). 
The body is enclosed in a shell of bony plates, consisting of a dors^ carapace 
and a ventral plastron, partly of dennal partly of endoskeletal origin. There 
is usually on the surface an epidermal exoskeleton of homy {dates. Tlie verte- 
brae and ribs of the thoracic r^on a|e.,^|mily fused with the body carajKace. 
into the composition of which they ent^. The shoulder and pelvic girdl^ have 
the unique positicm of being within the ribs, llie limbs are soiaetimes termi- 
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SUPER-ORDER II.— SYNAPSIDA {Anomodontia, Therapsida). 

Reptiles with a single lateral temporal vacuity primitively lying below the 
post-orbital and squamosal. The brain-case is high and, as a result of the 
broad supraoccipital, the inner ear is placed low down. The teeth are usually 
heterodont, the lower jaw is flattened from side to side instead of being rounded 
in section, and except in the most primitive members, the dentary is relatively 
large. There are always two coracoids in the shoulder-girdle. 

The group is important because it shows the various stages by which the 
mammals evolved from the earliest reptiles and because the Ssmapsids domi- 
nated the land fauna of the Permian and much of the Trias. They are found 
abundantly in some deposits in North America and South Africa, and are known 
also from South America, East Africa, India, Central Asia, Russia and Europe. 



There are five orders, but two of them (Dromosauria, Deinocephalia) were 
unimportant and are not discussed here. 

Order i. — Pelycosauria. 

The Pelycosaurs are the most primitive members of the Super-Order, and 
are confined almost entirely to the Lower Permian. Some members, such as 
Varanosaurus, differ from the captorhinomorph Cotylosaurs only in having the 
temporal vacuity. Others became specialised, Dimetrodon having enormously 
elongated neural spines to the vertebrae, which are believed to have been con- 
nected by skin and formed a huge sail (Fig. 341). The Pelycosaurs, like the 
Cotylosaurs, had relatively short limbs and a sprawling gait, but the remaining 
orders carried the body higher and were probably much more active. 

Order II. — ^Dicynodontia. , 

The Dicynodontia were for a time the most successful order of the Sjmap- 
sids, beiiig found in extraordinary abundamce from the Middle Permian to the 
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Lower Trias and surviving until the Middle Trias. T3^ically they were of a 
heavy build, var5dng in size from i to 7 or 8 feet in length <Fig. 342). Their 
skull was very specialised, having huge temporal fossas, T-shaped squamosals 
and small quadrates. In the majority the dentition was reduced to a pair of 
canines (which were sometimes confined to the males) and the jaws were covered 
by a homy beak. The post-cranial skeleton was very mammal-like though 
clumsy. There was an acromion process on the scapula, the precoracoid was 
excluded from the glenoid cavity (Fig. 343), the ilium was considerably elon- 
gated and the number of phalanges had been reduced from the reptilian number 
of 2 3 4 5 3 to the mammalian 23333. Dicynodon is the commonest genus 
with about seventy species. Lystrosaurus, which occurs abundantly in the 



Fig. 343. — ^Dicynodont pectoral girdle, ventral a^ect. CL. clavicle; CO, coracoid; 

/CL. interclavicle; PCO. precoracoid ; SC. scapula; ST. sternum. 

Lower Trias, had the snout elongated and turned down and was probably 
aquatic. Several genera, such as Endothiodon and Esoterodon kept post-canine 
teeth and one form, Eutnantellia had incisors. 

Order 3. — ^Theriodontia. 

The Theriodontia are the most important order of the Synapsida, being 
almost certainly ancestral to the mammals. They are found from the Middle 
Permian to the Upper Trias, and are known from Africa, South America, and 
Russia. 

The group shows considerable variation in size, some forms being less than a 
foot in length, others being the size of a lion. The majority were carnivorous 
or insectivorous, but some of the later members may have been herbivorous. 

The evolutionary changes of the Theriodonts show the gradual appearance 
of those characters which are typical of the mammals. In the skull (Figs. 344 
and 345) the temporal vacuity is enlarged by the reduction and loss of the pre- 
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frontals, post-frontals, and finally the post-orbitals. A false palate is formed 
by the outgrowth of a shelf from the maxillae and palatines, the basioccipital 



Fig. 344. — Thrmazodon liorhiniu, a cynodont. ECPT. ectopterygoid ; EF7\ epipterygoid ; 
F. frontal; J. jugal; L. lachrymal; MX. maxilla; N. nasal; JP. parietal; PAL. palatine; 
PA R. paxasphenoid ; PMX, premaxilla ; PO. postorbital ; PRF. pre-frontal ; PRO. pro-otic ; 
PT, pterygoid ; PV. ** prevomer'* or vomer ; Q. quadrate ; QJ. quadrato-jugal ; ST. stages ; SQ. 
squamosal. (After Farrington,) 



Fig. 345. — A gorgoni^sid skull, based on specimens in the Museum of Zoology, Cambridge. 

SMX; Septo-maxillary. 


is reduced and paired exoccipital condyles are formed. Also the epipterygoid 
(columella cranii) expands to form the mammalian alisifiienoid. In the lower 
jaw the dentary increases steadily in size until the post-dentary Ixmes are vety 
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small and almost hidden in outer view, and at the same time a mammal-like 
coronoid process is developed (Fig, 346). The teeth of the early members are 
simple, though there are enlarged canines, but the post-canine teeth of the later 
members become specialised in a variety of ways, and are often very mammal- 
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like. The limb-girdles approach the mammalian condition in such characters 
as the formation of an acromion process on the scapula, the great expansion of 



the ilium, and the enlargement of the primi- 
tive pubic foramen to form the huge obturator 
foramen (Fig. 347). The form of the limb- 
bones approaches the mammalian condition, 
and the number of phalanges in the feet is 
reduced to the mammalian number of 2 3 3 3 3 
by the reduction, and finally the loss, of one 
phalange in the third toe and two in the fourth 
(Fig. 348). 



Fig. 347. — ^A. Right pelvic of 
Ljemmw (& Gorgonopsian) ; B. of 
Piotacmon (a Cynodont). 


There are five sub-orders, and at least two 
major lines of evolution within the group. 
The Permian Gorgonopsia (e.g.,Scymnost€chus, 
Lyccenops) giving rise to the Triassic Cynodontia 
(e.g., Tfirinaxodon, Cynognathus) and the 
Permian Therocephalia (e.g., Lycosaurus) 
giving rise to the Triassic Bauriamorpha (fe.g., 
Ericiolacerta). In addition, some very 
mammal-like forms from the top of the Trias 
have been put into a separate sub-order, the 
Ictidosauria. 

Order Incert^e Sedis. — Sauropterygia. 


Aquatic reptiles with a single temporal vacuity in the skull, which is 



Fig. 348. — ^Diagfnuns ol Jiaads of A, a primitive Pelycosaar, B, a Gorgonopsid, and C, a Dicyno- 
dont, to wow the rednctioii from the reptilian number of phalanges to we mammahan condition ; 
U. idna ; R. radius ; idnace ; radiale ; /. intermedium ; C.C. eentralla ; P. pisHorm. . 
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bounded below by a post-orbitaLsquamosal arch. The coracoids are single. 
There are three orders : — 

Nothosauria, small and somewhat primitive forms, amphibious in habit, 
with webbed feet. The vertebrae are platycoelous. These forms are found in 
the Middle and Upper Trias. 



Placodontia. Forms with long limb bones and a specialised palate armed 
with massive crushing teeth on the palatine bones. The vertebrae are deeply 
amphicoelous. The body is covered with heavy bony scutes. Confined to the 
Middle Trias, e.g., Placodns, Cyamodus, 



Fig. 350.— -Plesiosaurus, pectoral 
arch. cor. coracoid ; e. interclavicle iN 
sc. scapula. (After Zittel.) 





Fig. 351. — ^Plesiosaurus, pelvic arch. II. ilium ; 
Is. ischium ; Pb. pubis. (After Huxley.) 


Plesiosauria. These are the typical representatives of the order (Fig. 349) . 
They were aquatic reptiles, sometimes of large size (up to 40 feet), though 
many were quite small. They had a lizard-like body, a very long neck sup- 
porting a relatively small head, and a short tail ; the limbs were modified to 
form swimming-paddles. The spinal column of the Sauropterygia is charac- 
terbed by the great lengjth of the gervical and the comparative shortness of the 
VOL. II. 2 c 
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caud2il region. The vertebrse are usually ampliiccelous. The sacrum consists 
of either one to five vertebrae. There is no sternum. In the skull there are 
large pre-maxillae ; a bony secondary palate is absent ; an ectopterygoid is 
present. There is a well-marked parietal foramen. The ring of bony plates 
(developed in the sclerotic found in the orbit of some fossil reptiles) is not 
developed. The pectoral arch (Fig. 350) presents some remarkable features. 
The coracoids always meet in a ventral S5m3physis, and the ventral portions 
(acromial processes) of the scapulae may also meet. In front there is, in most 
cases, an arch of bone, consisting of a median and two lateral portions, which 
probably represent the interclavicle and the clavicles : in some forms this arch 
is reduced or absent. In the pelvis the broad pubes and ischia meet in the 
middle line : the two symphyses may remain separate (Fig. 351), or they may 
unite so as to divide the space into two separate obturator foramina. The 
teeth are implanted in distinct sockets. 

The Plesiosauria date from the Trias and extend onwards to the Cretaceous. 



Fig. 352, — Skeleton of IchthyosaunuB. (After Dreverman.) 


Order iNCERTiE Sedis. — Ichthyopterygia. 

Fully marine reptiles having a skull with a single lateral temporal vacuity. 

The Ichthyopteryia, including Ichthyosaurus (Fig. 352) and its allies, were 
aquatic reptiles, some of very large size (30 or 40 feet in length), with somewhat 
fish-like body, large head produced into an elongated snout, no neck, and an 
elongated tail, and with the limbs in the form of swimming-paddles. The 
vertebr® are amphicoelous. A sacrum is absent, so that only pre-caudal and 
caudal regions are distinguishable. The ribs in the cervical region have two 
heads for articulation with the vertebrae : a sternum is absent, but there is a 
highly developed system of abdominal ribs. The skuU is produced into an 
elongated rostum, formed chiefly of the pre-maxillae, and with small nostrils 
situated far back. The orbits are large and contain a ring of bones developed 
in the sclerotic. A columella is present which articulates with the quadrate, 
and there is a large parietal foramen. The quadrate is immovably fixed to the 
skull. The pteiygoids meet in the middle line and extend forwards to the 
vomers, so as to separate the palatines, as in Sphenodon. The pectoral arch 
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conteiins only coracoid, scapula, and clavicle. There is no precoracoid. The- 
coracoids are broad bones which meet ventrally for a short distance without 
overlapping. The bones of the pelvis are not strongly developed ; there is no 
sacrum, i.e., the ilia are not connected with the spinal column ; the pubes and 
ischia of opposite sides meet in ventral s3miphyses ; but there is no obturator 
foramen. Humerus and femur are both short, and the rest of the bones of 
the limb are disc-like or polyhedral. The phalanges are numerous, and are 
usually in more, sometimes in fewer, than the usual five series. The teeth are 
not in separate sockets, but set in a continuous groove. The tail vertebr® in 
the middle forms have a characteristic downward bend which in later forms 
becomes almost a right angle. The body thus extends into the lower lobe of a 
large vertical caudal fin. 

The Ichthyopterygia are of Mesozoic age, ranging from the Middle Trias 
to the Upper Cretaceous. Geographically their remains have a very wide 
distribution, having been found not only in Europe and North America, but 
in the Arctic Regions, in India, Australia, New Zealand, and South America. 

SUPER-ORDER III.— DIAPSIDA. 

This super-order includes all Reptiles which have two lateral temporal 
vacuities in the skull (e.g., Sphenodon, Fig. 325, p. 361). 

The orders are, some of them, large and important, and include the Theco- 
DONTiX, Rhynchocephalia, Dinosauria, Pterosauria, Crocodilia, and, 
according to one view, the Squamata as a derivative of an early Thecodont line. 

Order i. — ^Thecodontia. 

These are the most primitive of the members of thesuper-orderandtheearliest 
reptiles to show a diapsid skull with the characteristic two lateral temporal 
vacuities. The most important specimen, of which little is as yet known 
beyond the skull, is Youngina from the Upper Permian of South Africa. This 
form has an interparietal and tabular bones in the skull and a parietal foramen, ' 
features which usually are not found in other orders of Thecodontia. The an- 
torbital foramen is absent. As far as it is known, there is nothing in Youngina 
to prevent its being considered as a representative of the ancestral stage of the 
later orders of Diapsida. Other families are the Phytosauridae, aquatic, croco- 
dile-like reptiles but with a specialised snout formed by the elongated pre- 
maxillag ; Ornithosuchidse ; Aetosauridae, etc. 

Order 2. — Rhynchocephalia. 

Members of this order have lost the tabulars and interparietal of the Theco- 
dontia while retaining the large parietal foramen, in which, in the living form, 
traces of the median eye can still be made out. There is no antorbital foramen. 
The group, apparently never a large one, is known from the Middle Trias, e.g. 
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Hyperodapedon, Rhynchosaurus. The sole living representative of this group 
is Sphenodon (Hatteria), which is a lizard-like reptile with well -developed 
pentadactyle limbs adapted for walking. The anal opening is transverse. 
There are no copulatory sacs. The vertebrae are ^jpphicoelous and intercentra 
are present. The ribs are single-headed and have uncinate processes. The 
rami of the mandible are united by ligament. There is a sternum and 
abdominal ribs. The teeth are acrodont. The lungs, heart, and brain 
resemble those of the Squamata. 

Order 3. — Squamata. 

Reptiles in which the skull has secondarily lost either one (Lacertilia) or 
both temporal vacuities (Ophidia) . The surface is covered with homy epidermal 
scales, sometimes with the addition of dermal ossifications. The opening of the 
cloaca is transverse in direction. There is a pair of eversible copulatory sacs 
in the male. The vertebrae are nearly always procoelous. The sacrum, absent 
in the Ophidia and Pythonomorpha, consists of two vertebrae in the Lacertilia. 
The ribs have simple vertebral extremities. The quadrate is movably articu- 
lated with the skull. There is no inferior temporal arch. The nasal apertures 
of the skull are separate. The limbs, when present, are sometimes adapted 
for terrestrial locomotion (Lacertilia), sometimes for swimming (Pythonomor- 
pha). The teeth are acrodont or pleurodont (see below). The lungs are simple 
sacs. There is always a wide cleft between the right and left divisions of the 
ventricular cavity. The optic lobes are approximated, and the cerebellum is 
extremely small. 

Sub-Order a. — Lacertilia. 

Squamata in which, as a rule, the limbs are present and are adapted for 
walking. The mouth is capable of being opened to only a moderate extent. 
The maxillae, palatines, and pterygoids are incapable of free movement. The 
rami of the mandible are firmly united at the symphysis. There are nearly 
always movable eyeUds and a t5unpanum. A sternum and an epistemum are 
present. 

Including all the lizards, such as the Skincs, Geckos, Monitors, Iguanas, 
Amphisbaenians, Chamaeleons, and otlier groups. 

Systematic Position of the Example (pp. 357-375). 

There are twenty known species of the genus Lacerta, occurring in Europe,, 
Asia, Africa, and North America. Lacerta is a member of the sub-order Lacer- 
tilia of the order Squamata. The flattened’and elongated tongue with notched 
apex places it in the section Leptoglossse of that sub-order." Among the 
Leptoglossx the family Lacertidae, which comprises Lacerta and a number of 
other genera, is characterised by the presence of dermal bony supra-orbital and 
supra-temporal plates, by the presence of small granular or wedge-^aped 
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scales, and of pleurodont conical teeth, excavated at the base. The chief 
distinctive marks of the genus Lacerta are the presence of comparatively large 
shields on the head and on the ventral surface, the arrangement of the scales 
of the trunk in transverse rows which become circular zones or rings on the tail, 
the development of a collar-like band of larger scales round the neck, and the 
laterally-compressed falciform claws, grooved on the lower surface. 

Sub-Order b. — Ophidia. 

Squamata with long, narrow body, devoid of limbs. The mouth is capable 
of being opened to form a relatively very wide gape by the divarication of the 
jaws. The maxillae, palatines, and pterygoids are capable of free movement. 
The rami of the mandible are connected together only by elastic fibres at the 
s5miphysis, so that they are capable of being widely separated. There is no 



Fig. 353. — Edestosaunis (Pythonomorpha). Pectoral arch and fore-limbs, c, coracoid with 
pro-coracoid ; h. humerus ; mo, metacarpus ; r. radius ; sc. scapula ; w. ulna ; /, first digit ; 
K, fifth digit. (From Zittel after Marsh.) 

separate supra-temporal ossification. Sternum and episternum are absent. 
Movable eyelids and tympanum are absent. 

Including all the Snakes — Vipers, Rattlesnakes, Sea Snakes, Fresh-water 
Snakes, Tree Snakes, Blind Snakes, Pythons, and Boas. 

Sub-Order c. — Pythonomorpha. 

Extinct Squamata with elongated snake-like body, provided with limbs 
which take the form of swimming-paddles (Fig. 353). The skull resembles 
that of the Lacertilia ; a supra-temporal helps to suspend the quadrate. The 
union of the rami of the mandible was ligamentous. There is, as a rule, no 
sacrum, the ilia not articulating with the spinal column. 

All the remaining orders of Diapsida are without interparietal, tabular 
bones, or parietal foramen. They are usually grouped together as 
Archosauria, and are probably all descendants of late, bipedal Thecodonts. 

" Order ” Dinosauria. — This well-known group of Reptiles is really divided 
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by a series of clearly marked characters into two divisions which should raijk 
as orders : these are the Saurischia (= Theropoda and Sauropoda) and the 
Ornithischia (= Predentata or Orthopoda). In these two orders are to be 
found not only small forms but the largest animals which have ever existed on 
land, whose bulk has only been exceeded by the larger of the modem whales. 
The greatest variation of adaptation to various habits and extreme special- 
isation of shape and ornamentation can also be observed within the limits of 
these two orders. 

Order 4. — Saurischia. 

In the pelvic girdle of members of this order the pubes and ischia are long, 
project downwards, and meet in a ventral symphysis. In the skull there are 
two, or one, antorbital. vacuities, which are often very large. Teeth are present 
on the pre-maxillae. Dermal bones are never present on the body. There are 



two sub-orders : the Theropoda, which were bipedal in walking, with the front 
limbs more or less reduced, and which were carnivorous in habit, with large 
skulls, e.g., Plaieosaurus, Megalosaurus, Compsognaihus, etc. ; and the Sauro- 
poda, which were quadmpedal, herbivorous, with small skulls and elongated 
necks and tails, e.g.. Brontosaurus (Fig. 354), Cetiosaurus, Dipiodocus, Tornieria, 
etc. 

Each sub-order contains many families, genera, and species. 

Order 5. — Ornithischia. 

These Dinosaurs have a pelvis in which the pubes do not meet in a median 
symphysis, but which have an anterior bird-like pre-pubis which is expanded 
at its end, and a long posterior pubis which runs along the lower (anterior) 
border of the ischitun. In the skull the antorbital vacuities are alwajrs small 
and may be obliterated. One of the most noticeable characters is the posses- 
sion of a " predentary ” bone in the mandible which may have supported a homy 
beak. As a result the teeth on the pre-maxillse and on the front of the lower jaw 
become suppressed. All the Ornithischia were herbivorous. There are three 
sub-orders : Ornithopoda, bipedal, digitigrade forms with a complete slender 
post-pubis, a small antorbital vacuity ; examples, HypsUophoion, a small form ; 
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Iguanodon (Fig. 355)# 3^ feet in length, one of the earliest described Dinosaurs ; 
Trachodon, etc. Stegosauria, heavy quadrupedal forms, but with the anterior 
limbs shorter than the posterior, with small skulls and a heavy dermal armour. 



355* — ^Isuanodon bernissartensis. One sixtieth natural size. co. coracoid ; is, ischium ; 
p, pre-pubis; pp, post-pubic process (pubis) ; sc, scapula. / — K, I — IV » digits. (From Zittel, 
after Dollo.) 



Fig. 556 . — ^Teeth of Iguanodon mantelli. A, from the inner, D, from the outer side. 

(From Zittel, after Mantell.) 

e.g., Stegosaurus, Polacanthus •, and Ceratopsia, quadrupedal forms with large 
skulls and bony horns — a fringe of bone from the skull lying over the neck, 
e-g,, Triceratops. 
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Order 6. — Crocodilia. 

Reptiles in which the dorsal surface, or both dorsal and ventral surfaces, 
are covered with rows of sculptured bony scutes. Epidermal scales are also 
present. The vertebral centra are either amphicoelous, flat at each end, or 
procoelous. The first caudal vertebra is unique in being convex at each end. 
The anterior thoracic vertebrae have elongated and bifid transverse processes, 
and to this transverse process the capitulum and tuberculum of the rib are 

both attached. The sacrum consists of 
two vertebrae. The ribs are bifid at 
their vertebral ends. The quadrate is 
immovable. A sternum is present, and 
there is a series of abdominal ribs. 
The pelvis has the peculiarity of having 
the pubis, a very small element, ex- 
cluded from the acetabulum ; a long 
prepubis is present. The limbs are 
adapted for wadking. The teeth are 
lodged in sockets. A false palate is 
developed by shelves which grow out 
from the maxillae, padatines and, in the 
later members, the pterygoids so that 
the internal nares open into the throat. 
In life they are covered with a fleshy 
valve. The lungs are compound sacs. 
The ventricle of the heart is com- 
pletely divided in recent forms. The 
IS: o' cloaca is elongated in 

after H. v. Mayer.) the direction of the long axis of the 

body. There is a median penis. 

This order includes among living forms the true Crocodiles, the Gaviads, the 
Alligators, and Caimans, and many extinct families. 

Order 7. — Pterosauria or Pterodactyla. ^ 

Flying Reptiles in which the skeleton has become modified in a manner 
analogous to that of the Birds. The bones are pneumatic, the fore-limb is a 
wing in which the fourth finger is greatly elongated to support a membranous 
patagium, the first three fingers are smaU and clawed,'and the fifth is absent. 
The carpus is reduced but has a spur-like sesamoid bone added to it. Though 
the sternum is well ossified, the clavicles and interclavicle are absent. 

The pelvis has pre-pubic bones which join one another. The hind limbs 
are pentadactyle and rather weak, the fibula being reduced or absent. 
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The skull is pointed and elongated, sometimes to an exaggerated degree ; 
the external nares are placed far back ; the antorbital vacuity is large and the 



eye is bordered with sclerotic plates. There is no parietal foramen. The head 
is supported at a right angle on a long neck of eight or nine procoelous vertebras. 
The group flourished during the Jurassic and Cretaceous periods. 

There are two sub-orders : the Rhamphorhynchoidea, which are charac- 


terised by a long tail which is dilated at the end, by 
free cervical ribs, and by the possession of a fifth toe 
on the hind foot : examples, Rhamphorhynchus (Fig. 
359) Dimorphodon, etc. ; and the Pterodactyloidea, 
which have an extremely reduced tail, no cervial 
ribs, and an incomplete fifth toe. Some forms are 
edentulous ; Examples, Scaphognathus (Fig. 358), Ptero- 
dactylus (Fig. 357), Pteranodon, a form with a curious 
balancing backward prolongation of the head, Ornitho- 
desmus, etc. 


General Organisation of Recent Reptilia. 

External Features. — In external form, as in some 
other respects, certain of the Lacertilia exhibit the 
least specialised condition to be observed among the 
living Reptilia. Lacerta is such a central type, and the 
general account of that Lizard which has just been 
given applies in all the points of cardinal importance to a large proportion of 
the Lacertilia. Modifications take place, however, in a variety of different 


359-— Bhsm- 
DitUlt restored. 
(After Zittel.) 
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directions. Of such the following are a few of the chief. The tail region 
is usually, as in the example, extremely long and tapering; but in some 
groups of Lizards it is comparatively short and thick ; and in others it is 
depressed and expanded into a leaf-like form. In the Chamaeleons (Fig. .360) 
the long and tapering tail is used as a prehensile organ, the coiling of which 
round branches of the trees in which the animal lives aids in maintaining the 
balance of the body in climbing from branch to branch. ' 

In the limbs there is likewise a considerable amount of variation in the 
different groups of the Lacertilia. Moderately long pentadactyle limbs like 



those of Lacerta are the rule. In the Chameleons (Fig. 360) both fore- and 
hind-limbs become prehensile by a special modification in the arrangement and 
mode of articulation of the digits. In these remarkable arboreal reptiles the 
three innermost digits of the manus are joined together throughout their 
length by a web of skin, and the two outer digits are similarly united : the 
two sets of digits are so articulated that they can be brought against one another 
with a grasping movement analogous to the grasping movement of a Parrot’s 
foot or of the hwd of Man. A similar arrangement prevails in the pes, the 
only difference being that the two innermost and three outermost digits are 
united. In some groups of Lacertilia, on the other hand, such as the Blind- 
Worm {Anguis), limbs are entirely absent, or are represented only by mere 
vestiges ; and numerous intermediate gradations exist between these and forms, 
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such as Lacerta, with well-developed Umbs. The limbless lizards (Fig. 361) 
bear a very close resemblance to the snakes, not only in the absence of the 
limbs, but also in the general form of the body and the mode of locomotion. 

The body of a snake is elongated, narrow, and cylindrical, usually tapering 
towards the posterior end, sometimes with, more usually without, a constriction 
behind the head. In the absence of limbs the beginning of the short caudal 
region is only indicated by the position of the cloaca! opening. The fore-limbs 
are never represented even by vestiges ; in some Pythons there are inconspicuous 
vestiges of hind-limbs in the form of small claw-like processes. The mouth of 
the Snake is capable of being very widely opened by the free articulation of the 
lower jaw, and it is this which mainly distinguishes it from the snake-like 
lizards. But other, less conspicuous, points of distinction are the absence of 
movable eyelids in the Snake, and also the want of a tympanum. 



Fig. 361. — Pygopus lepidopUS, with scale-like vestiges of hind-limbs. (After Brehm.) 

Sphenodon or Hatteria, the New Zealand Tuatara (Fig. 362), the only 
living representative of the Rhynchocephalia, is a lizard-like Reptile with a 
well-developed laterally-compressed tail, and pentadactyle extremities, very 
similar to those of a t5rpical Lizard. The upper surface is covered with small 
granular scales, and a crest of compressed spine-like scales runs along the middle 
of, the dorsal surface. ' The lower surface is covered with transverse rows of 
large squarish plates. 

^yin the Chelonia (Fig. 363) the body is short and broad, enclosed in a hard 
“iBg " consisting of a dorsal part or carapace and a ventral part or plastron. 
Th^ljue in most cases firmly united, apertures being left between them for 
the hSjiand neck, the tail and the limbs. The neck is long and mobile ; the 
tail short. The limbs are fully developed though' short. In some (land and 
fresh-water Tortoises) they are provided each with five free digits terminating 
in curved homy daws ; in the Turtles the digits are closely united together, 
and the limb assumes the character of a “ flipper ” or swimming-paddle. 
The cloacal aperture is longitudinal. ^ 
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laterally. The limbs are relatively short and powerful, with five digits in the 
manus and four in the pes, those of the latter being partly or completely united 
by webs of skin. The eyes are very small, the nostrils placed close to the end of 
the snout and capable of being closed by a sphincter muscle. The cloacal 
aperture is a longitudinal slit. The dorsal and ventral surfaces are covered with 
thick, squarish homy scales, often pitted or ridged, those of the dorsal surface 
of the tail developed into a longitudinal crest. 

Integument and Exoskeleton. — Characteristic of the Squamata isthe develop- 
ment of homy plates which cover the entire surface, overlapf)ing one another in 
an imbricating manner. These differ considerably in form and arrangement in 
different groups ; sometimes they are smooth, sometimes sculptured or keeled. 
Sometimes they are similar in character over all parts of the surface ; usually 



Fig. 3O3. — Grecian Tortoise {TesUtdo gmea), (After Brehm.) 


there are specially developed scales — the head-shields — covering the upper 
surface of the head. In the majority of snakes the ventral surface is covered 
with a row of large transversly elongated scales, the ventral shields. In certain 
lizards (Chamaeleons and Geckos) the scales are reduced and modified into 
the form of minute tubercles or granules. In some lizards special develop- 
ments of th? scales occur in the form of large tubercles or spines. Underlying 
the homy epidermal scales in some lizards (Skincoids) are series of dermal bony 
plates. In the integument of the Geckos are numerous minute hard bodies 
which are intermediate in character between cartilage and bone. 

In the snake-like Amphisbaenians there are no tme scales, with the exception 
of the head-shields, but the surface is marked out into annular bands of 
squarish areas. 

In addition to the modification of the scales, the integument of the 
rb^wiflelftons is remarkable for the changes of colour which it undergoes, these 
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changes being due to the presence in the dermis of pigment-cells which contract 
or expand under the influence of the nervous system, reminding one of the 
integument of the Cephalopoda. Less conspicuous and rapid changes of colour 
take place in Anguis and in some snakes. 

In the Chelonia, scales, when developed, are confined to the head and neck, 
the limbs, and the tail ; but in all of them, with the exception of the Soft 
Tortoises, both dorsal and ventral surfaces are covered by a system of large 
homy plates. A series of homy head-shields usually cover the dorsal surface 
of the head. Beneath the horny plates of the dorsal and ventral surfaces are 
the bony carapace and plastron, partly composed of dermal bones, but so inti- 
mately united with elements derived from the endoskeleton that the entire 
stracture is best described in connection with the latter {vide p. 401). 

In the Crocodilia, the whole surface is covered with horny plates or scales, 



Fig. 364. — 
Vertebra of Spben- 
odim, showing the 
ampUcoelous cen- 
trum (C.). (After 
Headley.) 


ti.*. 



Fig. 365. — Vertebra of Python, anterior and posterior 
views, n. s. neural spine ; p. z. pre-zygapophysis ; pt. z. 
post-zygapophysis ; t. p. transverse processes ; z. a. 
zygantrum ; z.s. zygosphene. (After Huxley.) 


each usually marked with a pit-hke depression about the centre, those on the 
dorsal surface ridged longitudinally. Underl5dng each of these, which are of 
epidermal derivation, is a thick pad of dermal connective-tissue which, in the 
case of the dorsal scales, is replaced by a bony scute. In the Caimans thin 
scutes also occur under the ventral scales. 

A periodical ecdysis or casting and renewal of the outer layers of the homy 
epidermis takes place in all the reptilia with the exception of the Crocodiles. 
Sometimes this occurs in a fragmentary manner; but in snakes and many 
lizards the whole comes away as a continuous slough. 

Endoskdletoii. — ^The vertebrae are always fully ossified. Among recent 
forms the Geckos and Sphenodbn (Fig. 364) aure exceptional in havii^ the centra 
amphicoelous with renmants of the notochord in the intercentral ^ces. The 
rest of the recent groups Tor the most part have the c^tra {^oooelous. In 
many extinct forms the neural arches are itot directly attached to the bodies 
by bone {temnospondyly ) ; in recent forms there is a bony union (stereospandyly) 
either through a suture or by fusion. Intercentra may be r^esented .by inter- ' 
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vertebral discs of fibrocartilage (Crocodilia) or by bony elements formed by ossi- 
fication of the ventral portions of the discs (Geckos, Sphenodon). In Lizards 



in general and the Crocodiles there are inferior processes {hypapophyses), 
perhaps representing intercentra, situated below the centra in the anterior 
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cervical region. Chevron bones (inferior arches) occur in the caudal region of 
many Reptiles (Sphenodon, Lacertilia, Crocodilia). 

In the Snakes and in Iguanas, in addition to the ordinary articulating 
processes or zygapophyses, there are peculiar articular surfaces termed zygo- 
sphenes and zygantra (Fig. 365). The zygosphene is a wedge-like process pro- 
jecting forwards from the anterior face of the neural arch of the vertebra, and 
fitting, when the vertebrae are in their natural positions, into a depression of 
corresponding form — the zygantrum — on the posterior face of the neural arch 
of the vertebra in front. To this arrangement, as well as to the deeply concavo- 
convex centra, the extraordinary flexibility and strength of a snake’s backbone 
are due. 

The various regions of the spinal column are well marked in most of the 

Lizards, in the Rhsmchocephalia, in 
the Chelonia, and in the Crocodilia 
(Figs. 366, 367). In the snakes and 
many of the snake-like lizards only 
two regions are distinguishable — ^pre- 
caudal and caudal. In the others 
there is a sacral region comprising 
usually two vertebrae, both of which 
have strong processes (sacral ribs) 
for articulation with the iUa. The 
first and second vertebrae are always 
modified to form an atlas and axis : 
in the Lacertilia and Chelonia the 
latter has a distinct odontoid process. 
In Chamaeleons, Sphenodon, and the 
Crocodiles there is a median bone, 
the pro-atlas (Fig. 368, 0 ), inter- 
calated between the atlas and the occipital region of the skull. 

Ribs are developed in connection with all the vertebrae of the pre-sacral or 
pre-caudal region ; in the caudal region they are usually replaced by inferior 
arches ; but Sphenodon, the Chelonia, and Crocodilia have caudal ribs which 
become fused with the vertebrae. In the Lacertilia only a small number (three- 
or four) of the most anterior of the thoracic ribs are connected with the sternum 
by cauiilaginous sternal ribs ; the rest are free, or are connected together into 
continuous hoops across the middle line. In the so-called Fl5dng Lizards 
{Draco) a number of the ribs are greatly produced, and support a pair of wide 
flaps of skin at the sides of the body, acting as wings, or rather as parachutes. 
In Sphenodon (Fig. 367) and Crocodilia (Fig. 366) each rib has connected with it 
posteriorly i flattened curved cartilage, the uncinate. 

In the Chelonia (Fig. 369) the total number of vertebrae is always smaller 





Fig. 368. — Anterior vertebrae of young Croco- 
dile. A . atlas ; Ep. axis ; h. articulation of atlas 
with axis ; IS, intervertebral discs ; o, pro-atlas ; 
Oh. neural arches ; Po. odontoid bone ; Ps, 
neural spines ; Pt, transverse processes ; /?, PI, 
ribs ; 5 . arch of atlas ; u, median piece of 
atlas ; WK. centra. (From Wiedersheim's 
Comparative Anatomy.) 
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than in the members of the otlier orders. The cervical ribs are small and fused 
with the vertebra;. The cervical and the caudal are the only regions in which 
the vertebrae are movable upon one another. The vertebrae of the trunk, 
usually ten in number, are immovably united with one another by means of 
fibro-cartilaginous intervertebral discs. Each of the neural spines, from the 
second to the ninth inclusively, is flattened and fused with a flat plate of dermal 
origin, the neural plate (Fig. 370), and the row of plates thus formed constitutes 
the mediam portion of the carapace. The ribs are Ukewise immovable ; a short 



Fig. 369.--Cistttdo lataria. Skeleton seen from below ; the plastron has been removed and 
is represented' on one side. C, costal plate; Co. coracoid; e. entoplastron (epistemum) ; Ep. 
epiplastron (clavicle ?) ; F, fibula ; Fe. femur ; H. humerus ; Hyp, hyoplastron ; Hpp. hypo- 
plastron ; //. ilium ; Js. ischium ; M. marginal plates ; Nu. nuchal plate ; Pb. pubis ; Pro. pro- 
coracoid or process of scapula ; Py. pygal plates ; P. radius ; Sc. scapula ; T. tibia ; U, ulna ; 
Xp. xiphiplastron. (From Zittel.) 

distance from its origin each passes into a large bony dermal costal plate, and 
the series of costal plates uniting by their edges form a large part of the carapace 
on either side of the row of neural plates. The carapace is made up of the neural 
and costal plates supplemented by a row of marginal plates (Figs. 369 and 370) 
running along the edge, and nuchal and pygal plates situated respectively in 
front of and behind the row of neural plates. In some cases the neural plates 
(Chdodina) and even the costal plates and ribs {Tes^tdo loveridgii) are absent. 

The bony elements of the plastron of the Chelonia are an anterior and median 
plate (entoplastron) and four pairs of plates which are termed in their order from 
VOL. II. 2D 
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before backwards epiplastra, hyopiastra, hypopiastra, and xiphiplastra. The 
median element probably corresponds to the interdavicle or epistemum of other 
Reptiles, the first pair (epiplastra) to the clavicles, the others probably being of 
the same character as the abdominal ribs of the Crocodilia. 

The carapace of the Luth or Leather-backed Turtle {Dermatochelys or 
Sphargis) is distinguished from that of the rest of the order in being composed 
of numerous polygonal discs of bone firmly united together, and in not being 
connected with the endoskeleton ; in the plastron the median bone is absent. 

Carapace and plastron are firmly fixed together by bony union in most 
instances, but sometimes the connection is ligamentous. 

The sternum in the Lacertilia is a plate of cartilage with a simple or bifid 
posterior continuation formed by the fusion of five or six pjairs of ribs. In the 
Ophidia and Chelonia it is absent. In the Crocodilia it is a broad plate bearing 
the coracoids and two pairs of ribs with a posterior continuation which bifurcates 

behind. 

A series of ossifications — ^the abdominal 
ribs — ^lies in the wall of the abdomen in 
the Crocodilia (Fig. 366, Sta.), and similar 
ossifications occur also in the Monitors 
and in Sphenodon. As already noticed, 
the posterior elements of the plastron of 
the Chelonia are probably of a similar 
character. 

In the skull ossification is much more 
complete than in the Amphibia, the 
primary chondrocranium persisting to a considerable extent only in some 
Lizards and in Sphenodon ; and the number of bones is much greater. The 
parasphenoid is reduced, and its place is taken by the large basioccipital, 
basisphenoid, and presphenoid. 

A fairly typical lacertilian skull has been described in the caseof Lacerta. Its 
principal characteristic features are the presence of an inter-orbital septum, the 
presence of the epipterygoid, and the mobility of the quadrate. The last of these 
features it shares with that of the Ophidia. The epipterygoid is not universal 
in the Lacertilia, being absent in the Geckos, the Amphisbxnians, and the 
Chamaeleons. The quadrate is not always movable. The skull of the Chamae- 
leons has a remarkable helmet-Uke appearance owing to the development of 
processes of the squamosal and occipital regions, whidi unite above the posterior 
part of the cranial roof. The skull of the Amphisbaenians differs from that of 
other Lacertilia and approaches that of Snakes in the absence of am inter- 
orbital septum. 

In the skull of the Ophidia (Fig. 371) orbitosphenoidal and aUsphenoidal 
elements au:e absent, their places being taken by downward prolongations of the 



Fig. 370. — Chelone niidas. Transverse 
section of skeleton. C. costal plate ; C^. 
centrum; M. marginal plate; P. lateral 
element of plastron ; R, rib ; V. expanded 
neural plate. (After Huxley.) 
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parietals and frontals. In the substance of the mesethmoid are two cartilagi- 
nous tracts (Fig. 371, B, 7 ^ which are the persistent trabeculae of the embryonic 
skull. The inter-orbital septum is absent, and the cranial cavity is prolonged 



Fig. 371. — Skull of Colubrine Snake (Tropidonotiu natrix). A, from above; B» from below. 
Ag, angular; Art, articular; Bp. basi-occipital ; Bs. basi-sphenoid ; Ch. internal nares; Cocc. 
occipital condyle ; Dt. dentary ; Eth. ethmoid ; F, frontal ; F\ post-orbital ; Fov. fenestra 
ovalis ; M. maxilla ; N. nasal ; 01. exoccipital ; Osp, supra-occipital ; P. parietal ; Pe. periotic ; 
P. /. pre-frontal ; PI. palatine ; Pmx. permaxilla ; Pt. pterygoid ; Qu. quadrate ; SA . supra- 
angular; Sgu. squamosal; Ts. transverse; Vo. vomer; IJ, optic foramen. (From Wieders- 
heim's Comparative Anatomy.) 



Fig. 372. — ^A, lateral view of skull of Battlenake (Croialns). B. O. basi-occipital; B. S. 
basi-sphenoid ; E. O, exoccipital ; F. 0. fenestra ovalis ; La, conjoined lacrymal and pre-frontal ; 
L. f. articulation between lacrymal and frontal ; Mn, mandible ; Mx. maxilla ; Na. nasal ; 
PI. palatine ; Pmp. premaxilla ; P. Sph. presphenoid ; Pt. pterygoid ; Qu. quadrate ; Sq. squa- 
mosal ; II, V, foramina of exit of the second and fifi^ cranial nerves. B, transverse section at 
point Jetteied B in Fig. A : T. trabeculae. (After Huxley.) 
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forwards to the ethmoidal region. Neither upper nor lower temporal arches are 
present. The palatines {PI.) are movably articulated with the base of the skull ; 
as in the Lizards, they are widely separated from one another, and do not 
develop palatine plates. They are movably articulated behind with the ptery- 
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Fig. 373. — Skull of Sphenodon. A, dorsal; B, ventral; C, left-sided view of skull of 
Sphenodon, x CoU Columella auris ; Cond. occipital condyle ; E, P. ectopterygoid ; F* 
frontal ; Jug. jugal ; Max. maxilla ; Na, nasal ; Nc, anterior nasal opening ; Pal, palatine ; Par, 
parietal ; Pmx. premaxilla ; Prf, pre-frontal ; Pt, f. post-frontal and post-orbital ; Pig. pterygoid 
or endopteiygoid ; Q. quadrate and quadrato-jugal (paraquadrate) ; Sq. squamosal ; Vo. vomer. 
(From the Cambridge Natural History.) 


goids {Pt.), and the latter, through the intermediation of the slender transverse 
bones {Ts.), with the maxillae. The premaxillae are very small (in some veno- 
mous Snakes entirely absent) and when piresent usually fused together. The 
maxillae {Mx.), usually short, articulate by means of a movable hinge-point with 
the conjoined lacrymal and pre-frontal {La.), ■fhich, in turn, is movably con- 
nected with the frontal. The long and slender quadrate {Qu.) is freely arti- 
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culated with the posterior end of the elongated squamosal. The rami of the man- 
dible, likewise long and slender, are not united anteriorly in a s3nnphysis, but are 
connected together merely by elastic ligamentous tissue, so that, when the mouth 
of the Snake is opened to allow of the entry of the relatively large prey, which 
it swallows whole, they are capable of being widely separated from one another. 
The Typhlopidae differ from the rest of the Ophidia in having the maxillae 
immobile, the quadrate more closely connected with the skull, and the rami of 
the mandible united by a fibro-cartilaginous symphysis. 

The skull of Sphenodon (Fig. 373) differs very considerably from that of 
the Lizards. There is a large supra-temporal fossa bounded by the parietal, 
post-orbital {Pt. /.), and squamosal, and separated below by a bar of bone 
{superior temporal arch), formed of processes of the two last-mentioned bones 



Fig. 374. — ^Lateral view of skull of Emys euiopsea. Coc. occipital condyle ; F. frontal ; F*. 
post-frontal ; I, foramen by which the olfactory nerve enters the orbit ; lug. jugal ; M. 
maxilla ; Md. mandible ; Mt. tympanic membrane ; Na. external nares ; 01 . exoccipital ; Osp. 
supra-occipital ; P. parietal; Pf. pre-frontal; Pmx. pre-maxilla; Qjg. quadrato-jugal ; Qu. 
quadrate ; Si. inter-orbital septum ; Squ. squamosal ; Vo. vomer. (From Wiedersheim's Com- 
parative Anatomy.) 

and of the post-frontal, from a still larger space — the lateral temporal fossa. 
The latter is bounded below by a slender bony bar (the inferior temporal arch) , 
formed of the long narrow jugal {Jug.), with a small quadrato-jugal or para- 
quadrate, by which the jugal is connected with the quadrate (^.). The lateral 
temporal fossa is separated from the orbit in front by a bar of bone formed of 
the jugal and post-orbital, and is bounded behind by a posterior temporal arch 
formed of the parietal and squamosal. The quadrate {Q.) is immovably fixed* 
wedged in by the quadrato-jugal, squamosal, and pterygoid. The premaxillae 
{Pmx.) are not fused together, but separated by a suture. There is a broad 
palate formed by the plate-like vomers, palatines, and pterygoids. 

In the Chelonia (Figs, 374, 375) all the bones, including the quadrate, are 
solidly connected together. Transverse bones (ectopterygoids), lacr5nnals, 
orbitosphendds, and alisphenoids are absent. The place of alisphenoids is 
taken to a certain extent by vertical downward plate-like extensions of the 
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p^lrietals, the lower part of the plates perhaps representing the epipterygoids of 
Lizards. There may be open temporal fossae, the inferior boundary of which 
{inferior temporal arch) may be incomplete owing to the absence of the quadrato- 
jugal (paraquadrate), or the entire temporal region may be covered over 
(Turtles, Fig. 375) by a sort of false roof formed of expansions of the post- 



Fig. 375. — Ventral view of the skull of Chelone mydu. bs, basi-sphenoid ; fr. frontal ; 
y. jugal; nt. maxilla; ol). basi>occipital ; o/. exoccipital ; opisthotic ; os. supra^occipital ; pal, 
palatine ; par, parietal ; ph, post-frontal ; prfr, pre-frontal ; pt. pterygoid ; Prm, pre-maxilla ; 
q, quadrate ; qj. quad^ato- jugal ; sq, squamosal ; v, vomer. (After Hoffmann.) 

frontals iph.), p^etala {par.), and squamosals {sq.) with the jugal {j.) and 
quadrato-jugal (jq.j.). The immovably fixed quadrates (Fig. 374, gu., and 
Fig. 375, q.) are modified to afford a part or the whole of the rim for the support 
of the t3mipanic membrane. The occipital condyle is sometimes trilobed. 
The vomer (w.) is unpaired. The palatines {pal.) are approximated and give 
off palatine plates, which for a short distance cut off a nasal passage fitMn the 



PHYLUM CHORDATA 


407 


cavity of the mouth. Nasals are usually absent as separate bones. The pre- 
maxillae are very small. The rami of the mandibles are stout, and are firmly 
united together at the symphysis. 

In the Crocodiles (Figs. 376, 377), as in the Chelonia, the quadrate {Qu.) is 
firmly united with the other bones of the skull. There is a membranous and 



Fig. 376. — Skull of Crocodilos 
porosns, dorsal view, x about i. 
Col, buttress connecting the post- 
frontal with the jugal and ectoptery- 
goid; F, frontal; Jg. jugal; Mx. 
maxilla ; Na. nasal ; P. parietal ; 
Pm. premaxilla ; Po. f. post-frontal ; 
Pr, f, pre-frontal ; Q. quadrate ; Qj. 
quadratojugal ; S. characteristic 
ridge on the pre-frontal bone; Sq, 
squamosal ; T. perforation in the 
premaxilla caused by a pair of lower 
incisor teeth. (After Gadow.) 



Fig. 377. — ^Ventral view 
of the skull of young Crocodile. 
Ch, posterior nares ; Cocc. 
occipital condyle ; Jg, jugal ; 
M. maxilla (palatine process) ; 
Ob. basi-occipital ; Orb. orbit ; 
PI. palatine; Pmx. pre-max- 
illae ; Pt. pterygoid ; Qj. 
quadratojugal ; Qu, quadrate. 
(From Wiedersheim^s Com- 
parative Anatomy.) 


cartilaginous inter-orbital septum. There are no distinct orbitosphenoids, but 
alisphenoids are well developed. The orbit is separated from the lateral 
temporal fossa by a stout bar situated somewhat below the surface, and 
formed of processes from the post-frontal, jugal, and ectopterygoid. The 
lateral temporal fossa is bounded below, as in Sphenodon, by an inferior 
temporal arch cmnposed of jugal and quadrato-jugal (paraquadrate). The 
frontals are early united into one, and the same holds good of the parietals. 
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Both palatine {PI.) and pterygoid (P/.)> as well as maxillae, develop palatine 
plates in the roof of the mouth, cutting off a nasal passage of great length from 
the cavity of the mouth, the posterior nares {ch.) being situated far back to- 
wards the posterior end of the cranial base. The nature of the articulation be- 
tween the mandible and the quadrate is such that movement is restricted to the 
vertical plane, and lateral displacement is further provided against by the 
development of a broad process of the pterygoid against which the inner surface 
of the mandibular ramus plays, an arrangement which occurs also in most 
Lacertilia. 

In accordance with their purely aerial mode of respiration, the visceral 
arches are much more reduced in the Reptilia than in the Amphibia in general. 
The only well-developed post-mandibular arch is the hyoid, and even this may 
undergo considerable reduction (Ophidia). The branchial arches are greatly 
reduced or aborted in the adult. 

There is little variation in the structure of the limb-arches and skeleton of 
the limbs in the different groups of Lacertilia. The pelvic arch is distinguished 
in the Lacertilia in general by its slender character ; and the pubes and ischia 
are, as in fact is the case throughout the class, separated from one another by 
wide ischio-pubic foramina — a feature which markedly distinguishes the rep- 
tilian pelvis from that of the Amphibia. In limbless forms the pectoral arch 
may be present or may be absent. In the Ophidia all trace of limb is, as a rule, 
absent ; but in some Pythons vestiges of hind-limbs are to be detected in the 
form of two or three small bones which support a small horny claw. 

In Sphenodon there is a foramen above the outer and one above the 
inner condyle of the humerus. There are eleven carpal elements, of which 
there are four, including a pisiform, in the proximal row, two centrals, and five 
in the distal row. The pubes are united in a symphysis, in front of which is a 
cartilaginous epipubis. A large oval foramen intervenes between the ischium 
and the pubis. A cartilaginous hypo-ischium is attached to the ischia behind. 
In the tarsus the tibial and fibular elements are distinct, though firmly united. 
The intermedium and the centrale are firmly fixed to the tibiale. There are 
three distal tarsal bones. 

In the Chelonia (Fig.- 369) the interclavide (epistemum) and clavicles are 
ibsent, unless, as is probable, the former be represented by the median element 
of the plastron and the latter by the first lateral pair. The entire pectoral arch 
is a tri-radiate structure of which the most ventral and posterior ray, ending in 
a free extremity, is the coracoid ; while the other two are the scapula and a 
process, sometimes regarded as representing the procoracoid, given off on the 
inner side of the scapula near its glenoid end. The bones of the carpus have 
nearly the typical arrangement, consisting, as in Lizards, of a proximal row of 
three, a distal row of five, and a centrale between the two. The pelvis resenibles 
that of Lacertilia, except that it is broader and shorter. Both pubes and ischia 
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meet in ventral s5anphyses, and epipubic and hypo-ischial cartilages may be 
present. In the tarsus (Fig. 378) there is usually a single proximal bone and 
four distalia. There are' never more than two phalanges in any of the digits. 



Fig. 378. — ^Tarsus of Emys 
eiiropfisa (right side) from above. 
F, fibula ; T, tibia ; (i.) /. t. c. 

the united tarsals of the proximal 
row ; Ph\ first phalanx of the fifth 
digit; j — 4, distal tarsals; 1 — V, 
metatarsals. (From Wiedersheim’s 
Comparative Anatomy.) 



Fig. 379. — Carpus of young 
Alligator* " C. centrale (?) ; R. 
radius ; U. ulna ; r. radiale ; u. 
ulnare ; i — 5, the five distal carpals 
(not yet ossified) ; i and 2 united 
into one, and also j, 4, and 5 ; f, 
pisiform; J — V, the five metacar- 
pals. (From Wiedersheim's Com- 
parative Anatomy.) 


Fig. 380. — Pelvis of young 
Alligator» ventral aspect. B, fibrous 
band passing between the pubic 
and ischiatic symphyses; BR. last 
pair of abdominal ribs ; F. obturator 
foramen ; G. acetabulum ; 11 . ilium ; 
Is. ischium; M. fibrous noiembrane 
between the anterior ends of the two 
innominate bones and the last pair of 
abdominal ribs; P. pubis; Sy. 
ischiatic symphysis ; 7, I J, first and 
second sacral vertebr®. (From Wie- 
dersheim’s Comparative Anatomy.) 



In the Crocodilia also the clavicle is absent, but there is an episternum. 
The number of carpal elements is reduced, the largest being two proximal 
bones, the radiale and the ulnare (Fig. 379, r, «.). On the ulnar side of the 
latter is a small accessory bone {pisiform,\). The pelvic arch (Fig. 380) 
differs somewhat widely from that of other living Reptiles, and the parts have 
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been variously interpreted. Two bones (P.), which are usually regarded as the 
pubes, extend from the region of the acetabula forwards and inwards, but, 
though they become closely approximated anteriorly, do not meet in a S3mi- 
physis. Between and in front of their anterior extremities, which are tij^d 
with cartilage, extends a membrane (M .) with which are connected in front the 
last pair of abdominal ribs {BR.). The posterior ends of the pubes are cut off 
from the acetabulum by the interposition of a pair of bones which may be 
parts of the ilia, but are separately ossified. The ischia extend downwards 
and somewhat backwards from the acetabula and are fixed together ventrally 
(at Sy.), but there is no true symphysis, as their extremities remain cartila- 
ginous. A hypo-ischium is not present. In 
the tarsus (Fig. 381) there are two proximal 
bones — an astragalo-scaphoid and a calcaneum — 
the latter having a prominent calcaneal process 
and two distal tarsal bones, together with a 
thin plate of cartilage supporting the first and 
second metatarsals. The missing fifth digit is 
represented by a rudimentary metatarsal. 

Digestive Organs. — ^The form and arrange- 
ment of the teeth already described in the 
account of Lacerta prevail in the majority of 
Lizards. In some of them the palatine teeth 
are absent. The teeth are sometimes fixed by 
their bases to the summit of the ridge of the 
jaw {acrodoni forms), sometimes fixed by their 
sides to the lateral surface of the ridge 
ipleurodont ) ; they are never embedded in 
sockets in any recent form. A Mexican 
Lizard, Heloderma, differs from all the rest 
in having teeth which are grooved for the ducts of poison-glands. In the 
Snakes (Figs. 371, 373) teeth are rarely developed on the premaxillae, but are 
present on the maxillae, palatines, and pterygoids, as well as the dentary of 
the mandible. They may be of the same character throughout, solid, elongated, 
sharp-pointed teeth, which are usually strongly recurved, so that they have the 
character of sharp hooks, their function being to hold the prey and prevent it 
slipping from the mouth while being swallowed — not to masticate it. Non- 
venomous Snakes possess only teeth of this character. In the venomous 
Snakes more or fewer of the maxillary teeth assume the character of poison- 
fangs. These are usually much larger than the ordinary teeth and either 
grooved or perforated by a canal for the passage of the duct of the poison-gland. 
In the Vipers (Fig. 372) there is a single large curved poison-fang with small 
reserve-fangs at its base, these being the only teeth borne by the maxilla, which 


/)/ 



Fig. 381. — Tarsus of Crocodile 
(right side) from above. F. fibula ; 
r. tibia ; t, i, c. the astragalus, 
formed of the united tibiale, inter- 
medium and central e ; /. fibulare 
(calcaneum) ; j — united first, 
second and third distal tarsals ; 4, 
fourth tarsal ; / — 1 V, first to 
fourth metatarsals ; F ?, fifth distal 
tarsal and fifth meta-tarsal. 
(From Wiedersheim's Comparative 
Anatomy.) 
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is very short ; in the venomous Colubrine Snakes the poison-fangs are either 
the most anterior or the most posterior of a considerable range of maxillary 
teeth. In the Vipers the large poison-fang is capable of being rotated through 
a considerable angle, and moved from a nearly horizontal position, in which it 
lies along the roof of the mouth embedded in folds of the mucous membrane, 
to a nearly vertical one, when the Snake opens its mouth to strike its prey. 
The rotation of the maxilla is brought about by the backward or forward move- 
ment of the pterygoid with the palatine and transverse. In Sphenodon (Fig. 
373) there are pointed, triangular, laterally-compressed teeth, arranged in two 
parallel rows, one along the maxilla, the other along the palatine. The teeth 
of the lower jaw, which are of similar character, bite in between these two upper 


B 


Fig. 382. — A, tongue of Monitor indicns. B, tongue of Emys eoiopeea. C, tongue of 

Alligator. L, glottis ; M, mandible ; Z, tongue ; ZS, tongue-sheath. (From Wiedersheim’s 
Comparative Anatomy.) 

rows, all the rows becoming worn down in the adult in such a way as to form 
continuous ridges. Each premaxilla bears a prominent, chisel-shaped incisor, 
represented in the young animal by two pointed teeth. In the young Hatteria 
a tooth has been found on each vomer — a condition exceptional among Reptiles. 
In the Chelonia, teeth are entirely absent, the jaws being invested in a homy 
layer in such a way as to form a structure like a Bird’s beak. The Crocodilia 
have numerous teeth which are confined to the premaxillae, the maxillae, and the 
dentary. They are large, conicail, hollow teeth devoid of roots, each lodged in 
its socket or alveolus {thecodont), and each becoming replaced, when worn out, 
by a successor developed on its inner side. 

A bifid tongue like that of Lacerta occurs in several families of Lacertilia. 
Others have a thick, short tongue, undivided in front and often provided with 
two long appendages behind. The Monitors (Fig. 382, A) have forked re- 
tractile tongues like those of Snakes. The tongue of the Chamaeleons is an 
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extremely remarkable organ; it is of sub-cylindrical form with an enlarged 
extremity, and is so extensile that it is capable of being darted out to a distance 



Fig. 383. — Lungs of Chamss- 
toon. r. trachea. (From Wie- 
dersheim's Comparative Anatomy ») 


sometimes equalling, or even exceeding, the 
length of the trunk; this protrusion can be 
effected with lightning-like rapidity; and it is 
in this way that the animal catches the Insects 
which constitute its food. The tongue in Snakes 
is slender and bifid, capable of being retracted 
into a basal sheath, and highly sensitive, being 
used chiefly as a tactile organ. The tongue of 
the Crocodilia (C) is a thick, immobile mass 
extending between the rami of the mandible. 
In some of the Chelonia (B) the tongue is 
immobile ; in others it is protrusible, sometimes 
bifid. 

In the enteric canal of the Reptiles the 
principal special features to be noticed are the 
muscular gizzard-like stomach of the Crocodilia, 
the presence of a rudimentary caecum at the 
junction of small and large intestines in most 
Lacertilia and in the Ophidia, and the presence 
of numerous large cornified papillae in the 
oesophagus of the Turtles. 

Organs of Respiration. — The Reptiles all have 
an elongated trachea, the wall of which is sup- 
ported by numerous cartilaginous rings. The 
anterior part of this is dilated to form the larynx, 
the wall of which is supported by certain special 
cartilaiges — ^the cricoid and the arytenoids. The 
trachea bifurcates posteriorly to form two 
bronchi, right and left, one passing each lung. 
The lungs of the Lacertilia and Ophidia are of 
the simple sac-like character already described 
in the case of the Lizard. In some the lung is 
incompletely divided internally into two portions 
— an anterior respiratory part with sacctilated 
walls, and a posterior part with smooth, not 
highly vascular, walls, having mainly the function 
of a reservoir. The only additional complication 


to be specially noted is the presence in the Chamaeleons (Fig. 383) of a number of 


diverticula or air-sacs which are capable of being inflated, causing an increase 


in the bulk of the animal which doubtless has an effect on assailants. In the 
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snake-like Lizards the right lung is larger than the left, and in the Amphis- 
baenians the latter is entirely aborted. In the Snakes a similar reduction or 
abortion of the left lung is observable. In the Crocodilia and Chelonia the 
lungs are of a more complex character, being divided internally by septa into a 
number of chambers. 


Organs of Circulation. — In the heart (Fig. 384) the sinus venosus is always 
present, though not, except in Sphenodon, distinguishable externally ; its 
aperture of communication with the right auricle is guarded by two valves. 
There are, as in the Amphibia, always two quite distinct auricles, the right 



Fig. 384.- -Heart of Lacerta 
mnialis, ventral view. A, A. 
auricles; Ap. pulmonary artery; 
ASf As^, subclavian arteries; Ci, 
post-caval; J. jugular vein; Ra, 
aortic arches (made up on either 
side of two embryonic arches, i 
and 2) ; tr. aortic root ; V. 
ventricle ; Vp, pulmonary vein ; 
Vs, subclavian vein. (From Wie- 
dersheim's Comparative A natomy,) 



Fig. 385. — Diagram of heart 
of Turtle, a, incomplete ventri- 
cular septum ; C. p. cavum pul- 
monale ; C\ V. cavum venosum ; 
L. A. left auricle; L. Ao, left 
aortic arch ; P. A. pulmonary 
artery ; R. A. right auricle ; 
R, Ao, right aortic arch ; s, arrow 
showing the course of blood in 
left aoHa ; t, in right aorta ; v,, 

v\ auriculo- ventricular valves ; w, 
arrow showing the course of blood 
in left auriculo-ventricular aper- 
ture ; X, in right ; y, between 
cavum venosum and cavum pul- 
monale ; z, in pulmonary artery. 
(After Huxley.) 


receiving the venous blood from the body, the left the oxygenated blood brought 
from the lungs by the pulmonary veins. But a vital point of difference between 
the heart of the Reptile and that of the ^||piphibian is that in the former the 
ventricle is always more or less completely divided into right and left portions. 
In all the Lacertilia, Ophidia, and Chelonia (Fig. 385) the structure is essen- 
tially what has been described in Lacerta, the ventricular septum being well 
developed, but not completely closing off the left-hand portion of the cavity 
of the ventricle from the right {cavum pulmonale). The left-hand portion, 
which is much the larger, is further imperfectly divided into two parts— the 
cavum arteriosum on the left and the cavum venosum on the right — ^by the two 
elongated flaps of the auriculo-ventricular valve, which project freely into the 
cavity of the ventricle. From the cavum pulmonale arises the pulmonary 
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artery, and from the cavum venosum the right and left aortic arches. When 
the auricles contract, the cavum venosum becomes filled with venous blood 
from the right auricle, the cavum arteriosum with arterial blood from the left 
auricle ; the cavum pulmonale becomes filled with venous blood which flows 
into it past the edges of the incomplete septum. When the ventricle contracts, 
its Wcdls come in contact with the edge of the septum, and the cavum pulmonale 
is thus cut off from the rest of the ventricle. The further contraction conse- 
quently results in the venus blood of the cavum pulmonale being driven out 

through the pulmonary artery to 
the lungs, while the blood which 
remains in the ventricle (arterial 
and mixed) is compelled to pass out 
through the aorta. But in the 
Crocodiha (Fig. 386) the cavity is 
completely divided, so that there we 
may speak of distinct right and left 
ventricles. From the right arise 
the pulmonary artery and the left 
aortic arch ; from the*left the right 
aortic arch only. The right and left 
arches cross one another, and where 
their walls are in contact is an 
aperture — the foramen Panizza — 
placing their cavities in commu- 
nication. 

The brain of Reptiles is some- 
what more highly organised than 
that of the Amphibia. The brain- 
substance of the cerebral hemis- 
pheres exhibits a distinction into 
superficial grey layer or cortex containing p3n^midal nerve-cells, and central 
white medulla, not observable in lower groups. The cerebral hemispheres 
are well developed in all, and th ere is a hippocampus {see later in the 
description of the brain of the RabbnTand of that of the Mammals in general) in 
the shape of a specially modified region of the dorsal and mesial walls of each 
hemisphere, represented less distinctly in the Amphibia ; a commissure — ^the 
hippocampal — connects the hippocampi of opposite sides, and is dorsal to the 
chief cerebral commissure — the anterior commissure. The mid-brain consists 
dorsally usually of two closely-approximated oval optic lobes ; rarely it is 
divided superficially into four. The cerebellum is always of small size, except 
in the Crocodilia (Fig. 387), in which it is comparatively highly developed, and 
consists of a median an^ two lateral lobes. 



Fig. 386. — Heart of Crocodile with the prin- 
cipal arteries (diagrammatic). The arrows show 
the direction of the arterial and venous currents. 
/. aori. left aortic arch ; /, aur, left auricle ; 
/. aur. vent. ap. left auriculo-ventricular aperture ; 
/. car. left carotid ; 1 . sub, left subclavian ; I, vent, 
left ventricle ; pul. art. pulmonary artery ; 
r. aort. right aortic arch ; r. aur. right auricle ; 
r. aur. vent. ap. right auriculo- ventricular aper- 
ture ; r. car. right carotid ; r. sub. right sub- 
clavian ; r. vent, right ventricle. (From Hert- 
wig*s Lehrbuch.) 
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Sensory Organs. — In most Lacertilia, but not in the Ophidia, the nasal 
cavity consists of two parts — an outer or vestibule, and an inner or olfactory 
chamber — the latter having the sense-cells in its walls, and containing a turbinal 
bone. In the Turtles each nasal chamber is divided into two passages, an upper 



Fig. 387. — Brain of AUigStoi, 
from above. B, ol, olfactory bulb ; 
(r. p, epiphysis ; HH, cerebellum ; 
Med, spinal cord ; MH, optic lobes ; 
NH, medulla oblongata ; VH, 
cerebral hemispheres ; I — XI, cere- 
bral nerves ; j, 2, first and second 
spinal nerves. (From Wieders- 
heim*s Comparative Anatomy,) 



Fig. 388. — Section of the pineal eye of Sphenodon 
ponctatum. g, blood-vessels; h, cavity of the eye 
filled with fluid ; k, capsule of connective-tissue ; /. 
lens ; m, molecular layer of the retina ; r. retina ; 
St, stalk of the pineal eye ; x, cells in the stalk. 
(From Wiedersheim's Comparative Anatomy, after 
Baldwin Spencer.) 


and a lower, and the same holds good of the hinder part of the elongated nasal 
chamber of the CrocodiUa. 

Jacobson’s organs (Fig. 334) are present in Lizards and Snakes, absent in 
Chelonia and Crocodilia in the adult condition. 

The eyes are relatively large, with a cartilaginous sclerotic in which a ring 
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of bony plates (Fig. 335) is developed in some cases. The muscular fibres of the 
iris are striated. A pecten is present in most. Most Reptiles have both upper 
and lower eyelids and a nictitating membrane. The greater number of the 
Geckos and" all the Snakes constitute exceptions, movable eyelids being absent 
in both of these groups ; in the former the integument passes uninterruptedly 
over the cornea with a transparent spot for the admission of the light ; in the 
Snakes there is a similar modification, but the study of development shows that 
the transparent area is derived from the nictitating membrane which becomes 
drawn over the cornea and permanently fixed. In the Chameleons there is a 
single circular eyehd with a central aperture. 

The middle ear is absent in the Snakes, though a columella auris is present 
embedded in muscular and fibrous tissue and attached externally, in some cases 
at least, to the middle of the quadrate. 

Developed in close relation to the epiphysis there is in many Lizards {Lacerta, 
Varanus, Anguis, Amphibolurus and others), and in Sphenodon, a remarkable 
eye-like organ — ^the parietal organ or pineal eye (Fig. 388), which is situated 
in the parietal foramen of the cranial roof immediately under the integument, 
and covered over by a specially modified, transparent scale. The pineal eye 
is developed from a hollow outgrowth of the roof of the diencephalon in front 
of the epiphysis ; the distal end of this becomes constricted off as a hollow 
sphere, while the remainder is converted into a neiwe. The wall of the hollow 
sphere becomes divergently modified on opposite sides ; the distal side gives 
rise to a lens-like thickening (L), the proximal forms a membrane several layers 
in thickness — ^the retina {r.) : the whole is enclosed in a capsule of connective- 
tissue (k.). The nerve usually degenerates before the animal reaches maturity, 
so that the organ would appear — though evidently, from its structure, an 
organ of sight — ^to have now entirely or nearly lost its function. 

Reproductive Oi^ans. — The description already given of the reproductive 
organs of the Lizard (p. 374) applies, so far as all the leading features are 
concerned, to all the Lacertilia and to the Ophidia ; in Hatteria the copulatory 
sacs are absent. 

In the Crocodilia and Chelonia, instead of the copulatory sacs, there is a 
median solid penis attached to the wall of the cloaca, and a small process or 
clitoris occurs in a corresponding position in the female. Though fertilisation 
is always internal, most reptiles are oviparous, la5dng eggs enclosed in a 
tough, parchment-like or calcified shell. These are usually deposited in holes 
and left to hatch by the heat of the sun. In the Crocodiles they are laid in a 
roi^h nest and guarded by the mother. In- all cases development has only 
progressed to a very early stage when the deposition of the ^gs takes place, 
and it is only after a more or less prolonged period of incubation that the young, 
fully formed in every respect, emerge from the shell and shift for themselves. 

Many Lizards, however, and most Snakes are viviparous, the ova under- 
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going development in the interior of the oviduct, and the young reaching the 
exterior in the completely-formed condition. 

Development. — In all the Reptilia the segmentation is meroblastic, being 
confined to a germinal disc of protoplasm situated on one side of the yolk. 



Fig. 389. — A — D, early stages in the development of the Alligator. A, stage with embryonic 
shield, primitive knot and blastopore ; B, considerably later stage in which the medullary groove 
has become formed, together with the head-fold of the embryo and the head-fold of the anmion ; 
C, somewhat later stage with well-developed medullary folds and medullary groove ; D, later 
stage in which the medullary groove has become partly closed in by the meduUary folds and in 
which six pairs of protovertebrae have become developed, amn, amnion; a. op, area opaca; 
a, pel, area pellucida ; hip, blastopore ; enib, s, embryonic shield ; /. hr, fore-brain ; h, hr. hind- 
brain ; hd, f. head-fold ; m. hr, mid-brain ; rued. /. medullary folds ; prot.v, protovertebrae ; 
pr, St. primitive knot. (After S. F. Clarke.) 

This divides to form a patch of cells which gradually extends as a two-layered 
sheet, the blastoderm, over the surface of the ovum. The upper of the two 
la3^ers is the ectoderm, the lower the yolk-endoderm ; the latter is the equivalent 
of the mass of yolk-cells of the Frog, ahd the shallow space between it and the 
yolk repres^ts the segmentation-cavity. As the blastoderm extends (Fig. 
389}, it becomes distinguishable into a central clearer area — area pellucida 
VOL. II. aE 
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{a, peL)—ixn(i a peripheral whitisli zone — area opaca {a, op,). On the former 
now appears an elliptical thickened patch — the embryonic shield (emh. s.) — 
which is formed by the ectoderm cells in this region assuming a cylindrical 
form while remaining fiat elsewhere. Behind the embryonic shield appears 



^.e 



Fig. 390. — ^LacertSt longitudinal sections through the embryonic area of blastoderms 
illustrating successive stages in the formation of the invagination-cavity (archenteron) and 
its communication with the segmentation-cavity, blp, blastopore ; ec, ectoderm of embryonic 
shield ; kn. primitive knot ; pr. pi, protochordal plate ; y. e. yolk-endoderm. In D the opening 
below and in front of blp, points to aperture of communication established between the invagination- 
cavity and the underlying space. (Modified after Wenckebach.) 

a thickening, due to a proliferation of the ectoderm cells — the so-called primi- 
tive knot or primitive plate (pr. st.), and on this is formed an invagination 
opening on the surface by an aperture — ^the blastopore (blp .) — ^which subse- 
quently takes the form of a narrow slit running in the direction of the long axis 
of the future embryo. The cavity of the invagination corresponds to the 
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archenteron of the Frog, and the cells lining it are the endoderm (primitive 
endoderm). The latter subsequently (Fig. 390) coalesces with the yolk- 
endoderm below the floor of the archenteron, and in this position an aperture 
is formed through which the archenteron opens freely into the shallow space 
that lies between the yolk-endoderm and the yolk. It is from the common 
cavity thus formed that the lumen of the enteric canal is derived. At a some- 
what earlier stage a thickening i^r. pi.) has appeared in the yolk-endoderm in 
the region which will give rise to the head of embryo. This is the protochordal 
plate ; it enters into intimate relationship with the endoderm cells that roof 
over the archenteron, and, when the floor of the latter becomes opened out, 
forms with them a continuous plate. In this the notochord originates along 
the middle line, and the mesoderm of all the region in front of the blastopore 
grows out from it at the sides. The aperture of invagination becomes narrowed 
and is eventually closed by the approximation and coalescence of its edges. 
In the region in which the coalescence of the edges takes place there is for a 
time complete union of the layers, as in the region of the primitive streak of 
Birds and Mammals. The anterior part of the aperture, however, remains 
open for a time as the opening of the neurenteric canal. 

In front of the blastopore a longitudinal depression bounded by a pair of 
longitudinal folds (Fig. 389, med. /.) is the beginning of the medullary groove. 
As this becomes closed, it encloses, in its posterior portion, the blastopore or 
dorsal opening of the neurenteric canal. At the sides of the medullary groove 
appear the protovertebrae {prot. v.) : the general history of these parts has 
already been sketched in the section on the Craniata, and further details will 
be given in the account of the development of Birds, which agrees with that of 
Reptiles in most essentiail respects. Under the head of Birds also will be found 
an account of the formation of the characteristic foetal membranes, the amnion 
and the allantois, which applies in all essentiad respects to the Reptilia as well. 

A species of the genus Chalcides or Seps, a lizard with vestigial limbs, 
which is viviparous, is apparently exceptional in the formation of a structure 
closely homologous with the placenta of Mammals, a structure by means of 
which an intimate connection is established between the embryo and its 
membranes and the wall of the special compartment of the oviduct in which 
it lies. As in the case of the Mammal, the intimate union thus brought about 
facilitates the transmission of nourishment from the blood of the parent to 
that of the foetus. 

Ethology. — The Lizards are, for the most part, terrestrial animals, usually 
extremely active in their movements and endowed with keen senses. The 
majority readily ascend trees, and many kinds are habitually arboreal ; but 
the Chamaeleons are the only members of the group, which have special modi- 
fications of their structure in adaptation to an arboreal mode of life. The 
Skinks and the Amphisbaenians are swift and skilful burrowers. The Geckos 
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are enabled by the aid of the sucker-like discs on the ends of their toes to run 
readily over vertical or overhanging smooth surfaces. A few, on the other 
hand (Water-Lizards), hve habitually in fresh water. The Flying Lizards 
{Draco, Fig. 391) are arboreal, and make use of their wings — or, to speak more 
accurately, aeroplane or parachute — to enable them to take short flights from 
branch to branch. Chlamydosaurus and Amphibolurus are exceptional in 
frequently running on the hind-feet, with the fore-feet entirely elevated from 
the ground. A tolerably high temperature is essential for the maintenance 
of the vital activities of Lizards, low temperatures bringing on an inert con- 



Fig. 391. — Draco volans, x f. (From the Cambridge Natural History,) 

dition, which usually passes during the coldest part of the year into a state of 
suspended animation or hibernation. The food of Lizards is entirely of an 
animal nature. The smaller kinds prey on insects of all kinds, and on worms. 
Chameleons, also, feed on insects, which they capture by darting out the 
extensile tongue covered with a viscid secretion. Other Lizards supplement 
their insect diet, when opportunity offers, yidth small reptiles of various kinds, 
frogs and newts, small birds and their eggs, and small mammals, such as Mice 
and the like. The larger kinds, such as the Monitors and Iguanas, prey 
exclusively on other vertebrates ; some, on occasion, are carrion-feeders. Most 
Lizards lay eggs enclosed in a tough caldfied shell. These they simply bury 
in the earth, leaving them to be hatched by the heat of the sun. Some, however. 
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as already stated, are viviparous ; in all cases the young are left to shift for 
themselves as soon as they are born. 

Most of the Snakes also are extremely active and alert in their movements ; 
and most are very intolerant of cold, undergoing a hibernation of greater or 
less duration during the winter season. Many live habitually on the surface 
of the ground — some kinds by preference in sandy places or among rocks, 
others among long herbage. Some (Tree-Snakes) live habitually among the 
branches of trees. Others (Fresh-water Snakes) inhabit fresh water ; others 
(Sea-Snakes) live in the sea. The mode of locomotion of snakes on the ground 
is extremely characteristic, the reptile moving along by a series of horizontal 
undulations brought about by contractions of the muscles inserted into the 
ribs, any inequalities of the surface of the ground serving as fulcra against 
which the free posterior edges of the ventral shields (which are firmly connected 



Fig. 392. — Poison apparatus of Rattlesnake. A, eye; Gc, poison-duct entering the poison- 
fang at t »* muscles of mastication partly cut through at * ; Me. constrictor (masseter) 

muscle; Me', continuation of the constrictor muscle to the lower jaw; N. nasal opening; S, 
fibrous poison sac ; z, tongue ; za, opening of the poison-duct ; zf, pouch of mucous membrane 
enclosing the poison-fangs. (From Wiedersheim's Comparative A natomy.) 


with the ends of the ribs) are enabled to act. The burrowing Blind-Snakes 
and other families of small snakes feed on insects and worms. All the rest 
prey on vertebrates of various kinds, fishes, frogs, lizards, snakes, birds 
and their eggs, and mammals. The Pythons and Boas kill their prey by con- 
striction, winding their body closely round it and drawing the coils tight till the 
victim is crushed or asphyxiated. Some other non-venomous Snakes kill with 
bites of their numerous sharp teeth. The venomous Snake sometimes, when 
the prey is a small and weak animal such as a frog, swallow it alive ; usually 
they first kill it with the venom of their poison-fangs. 

When a venomous Snake strikes, the poison is pressed out from the poison- 
gland by the contraction of the masseter (Fig. 392, Me.), one of the muscles 
which raise the lower jaw ; it is thus forced along the duct {Gc) to the aperture 
{za), and injected into the wound made by the fang. The effect is to produce 
acute pain with increasing lethargy and weakness, and in the case of the venom 
of some kinds of Snakes, paralysis. According to the amount of the poison 
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injected (in relation to the size of the animal) and the degree of its virulence 
(which differs not only in different kinds of Snakes, but in the same Snake 
under different conditions) the symptoms may result in death, or the bitten 
animal may recover. The poison is a clear, slightly straw-coloured or greenish 
liquid ; it preserves its venomous properties for an indefinite period, even if 
completely desiccated. The poisonous principles are certain proteids not to 
be distinguished chemically from other proteids which have no such poisonous 
properties. Immunity against the effects of the poison, and relief of the S3nnp- 
toms after a bite has been inflicted, have been found to be conferred by injec- 
tions of the serum of animals which have been treated with injections of 
increasing doses of the poison. 

The majority of Snakes are viviparous. Some, however, lay eggs, which, 
nearly always, like those of the oviparous Lizards, are left to be hatched by the 
heat of the sun, some of the Pythons being exceptional in incubating them 
among the folds of the body. 

Sphenodon lives in burrows in company with a Bird — the Shearwater 
i^Puffinus ) — and feeds on Insects and small Birds. It lays eggs enclosed in a 
tough, parchment-like shell. 

Of the Chelonia some (Land Tortoises) are terrestrial ; others (Fresh-water 
Tortoises) inhabit streams and ponds, while the Sea-Turtles and Luths inhabit 
the sea. Even among Reptiles they are remarkable for their tenacity of life, 
and will hve for a long time after severe mutilations, even after the removal of 
the brain ; but they readily succumb to the effects of cold. Like most other 
Reptiles, the Land and Fresh-water Tortoises living in colder regions hibernate 
in the winter; in warmer latitudes they sometimes pass through a similar 
period of quiescence in the dry season. The food of the Green Turtle is exclu- 
sively vegetable ; some of the Land Tortoises are also exclusively vegetable- 
feeders ; other Chelonia either live on plant-food, together with Worms, Insects, 
and the like, or are completely carnivorous. All are oviparous, the number 
of eggs laid being usually very great (as many as 240 in the Sea-Turtles) ; these 
they lay in a burrow carefully prepared in the earth, or, in the case of the Sea- 
Turtles, in the sand of the sea-shore, and, having covered them over, leave 
them to hatch. 

The Crocodiles and Alhgators, the leirgest of living Reptiles, are in the main 
aquatic in their habits, inhabiting rivers and, in the case of some species, 
estuaries. Endowed with great muscular power, these Reptiles are able, by 
the movements of the powerful tail and the webbed hind-feet, to dart through 
the water with lightning-like rapidity. By lying in wait motionless, sometimes 
completely submerged with the exception of the extremity of the snout bearing 
the nostrils, they are often able by the suddenness and swiftness of their onset 
to seize the most watchful and timid animals. In the majority of cases the 
greater part, and in some the whole, of their food consists of Fishes ; but all 
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the larger and more powerful kinds prey also on Birds and Mammals of all 
kinds, which they seize unawares when they come down to drink or attempt to 
cross the stream. On land their movements are comparatively slow and 
awkward, and they are correspondingly more timid and helpless. 

The Crocodilia, as already mentioned, are all oviparous, and the eggs, as 
large in some species as those of a Goose, are brought forth in great numbers 
(sometimes 100 or more) and either buried in the sand> or deposited in rough 
nests. 

Geographical Distribution. — ^The order Lacertilia, the most numerous of the 
orders of Reptiles living at the present day, is of very wide distribution, occur- 
ring in all parts of the earth’s surface except the circumpolar regions ; but some 
of its larger sections are of limited range. The Geckos are numerous in all 
warm countries, their headquarters being Australia and the Oriental region. 
The snake-like Pygopidae are entirely confined to the Australian region. The 
Agamidse (a family which includes the Flying Lizards besides many others) are 
most abundantly represented in the Australian region, though extending to 
other regions of the Old World, except New 2 ^aland and Madagascar. Of the 
Iguanas two genera occur in Madagascar and one in the Friendly Islands ; all 
the other members of this group, which is a large one, are confined to America. 
Three families occur exclusively in America — the Xenosauridae, the Tejidae, 
and the Helodermidae, or poisonous Lizards. The Zonuridae or Girdle-tailed 
Lizards are confined to Africa and Madagascar. The Anguidae or Blind- 
worm Lizards are mostly American, but are represented in Europe and Asia. 
The family of the Monitors is distributed in Africa, Southern Asia, Oceania, 
and the Australian region. The snake-like Amphisbaenians are most numerous 
in America, but are well represented in Africa, and occur also in the Mediter- 
ranean area. The Lacertidae are most abundant in Africa, but occur in Europe 
and Asia. The family of the Skinks (Scincidae) is of world-wide range, but is 
most abundant in Australia, Oceania, the Oriental region, and Africa. Spheno- 
don is confined to the New Zealand region, and at the present day only occurs 
on certain small islands off the N.E. coast and in Cook’s Strauts. The Chamae- 
leons are most abundant in Africa and Madagascar, but there are representatives 
in various other parts of the Old World ; they do not occur in the Australian, 
New Zealand, or Polynesian regions, and are only represented in Europe by one 
species, which occurs in Andalusia. 

Chelonia are widely distributed over the surface of the earth, by far the 
greater number being natives of tropical and temperate zones. The Sea- 
turtles, including the Hawk’s-bills and the Luths, are for the most part, but not 
entirely, confined to the tropical seas. Giant Land-tortoises occur, or occurred 
in historic times, on islands of the Galapagos and Mascarene groups. 

Of the Crocodilia the Caimans are confined to Central and South America. 
The Alligators are represented in North America by one species and in China 
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by another. The true Crocodiles occur widely distributed over Africa, Southern 
Asia, the northern parts of Australia and tropical America, while the Gavial 
occurs only in certain Indian and Burmese rivers. 

Geological DlsMbution (Fig. 393). — ^The Squamata are geologicjilly the most 
recent of the existing orders of Reptiles. The earliest fossil remains of Lizards 
have been found in beds belonging to the Jurassic and Cretaceous periods ; but 
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Fig. 393. — Geological distribution and relations of the orders of reptiles. 


most of the families are not represented earlier than the Tertiary. All the known 
fossil remains of Snakes, except one imperfectly known form from the Creta- 
ceous, have been found in deposits of Tertiary age. The Rh3mchocephalia are 
much more ancient, being present in deposits as old as the Trias. The order 
Chelonia (except for the still problematic form Eunotosaurus, see p. 379), was 
represented from the Triassic period onwards. Of the extinct forms one group 
— ^the ProtostegideB — differs from the living Chelonia in having the carapace 
incompletely developed, entirely composed of dermal elements, and quite 
separate from the vertebrae and ribs, a condition which is probably secondary 
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and specialised. Archelon, a member of this family, reached twelve feet or 
more in length. The Crocodilia date back as far as the Trias. The most 
primitive of the fossil forms had the internal nares situated in front of the 
palatines, while the external nares were situated towards the middle of the 
snout. Later forms (post-Triassic) had palatine plates developed from the 
premaxillae, the maxillae, and the palatines ; and some resembled the living 
members of the order in having such plates developed also from the pterygoids ; 
all had the external nares situated towards the end of the snout. Those in 
which the palatine plates of the pterygoids were absent had usually amphicoe- 
lous vertebrae. Some of the fossil Crocodiles reached an immense size. Some, 
as Geosaurm, which had a downwardly turned tail reminiscent of the Ichthyo- 
saur condition and swimming paddles, was purely aquatic. 

CLASS IV.— AYES. 

In many respects Birds are the most highly specialised of Craniata. As a 
class they are adapted for agrial life ; and almost every part of their organi- 
sation is modified in accordance with the unusual environment. The non- 
conducting covering of feathers ; the modification of the fore-limbs as wings, of 
the sternum and shoulder-girdle to serve as origins of the great wing-muscles, 
and of the pelvic girdle and hind-limbs to enable them to support the entire 
weight of the body on the surface of the ground ; the perfection of the respira- 
tory system, producing a higher temperature than in any other animals : all 
these peculiarities are of the nature of adaptations to flight. Add to them the 
absence, in all existing Birds, of teeth, the loss of the left aortic arch, and of the 
right ovary and oviduct, the specialised character of the brain, the poorly 
developed olfactory organs, and the extraordinarily large and perfect eyes, and 
we have a series of strongly-marked characteristics such as distinguish hardly 
any other class. Moreover, the organisation of existing Birds is, in its essential 
features, singularly uniform, the entire class presenting less diversity of structure 
than many single orders of Fishes, Amphibians, and Reptiles. 

Example of the Class. — ^The Common Pigeon {Columba livia, 

var. domestica). 

The Common or Domestic Pigeon is known under many varieties, which 
differ from one another in size, proportions, coloration, details in the arrange- 
ment of the feath^s, and in many points of internal anatomy. The Pouters, 
Carriers, Fantails, and Tumblers may be mentioned as illustrating extreme 
forms. All these varieties have, however, been produced by artificial selection, 
that is, by breeders selecting, generation after generation, the Birds which most 
nearly attained to some artificial standard of perfection, breeding from them 
alone, and Vtlling off the inferior strains. The ancestral species from which the 
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domestic breeds have in this way been evolved is the Rock Pigeon {Columba 
livia), which is widely distributed in the Palaearctic and Oriental regions. The 
following description refers especially to the common Dovecot Pigeon. 

External Characters. — In the entire Bird (Fig. 394) the plump trunk appears 
to be continued insensibly into the small mobile head, with its rounded brain- 
case and prominent beak, formed of upper and lower jaws covered by horny 



Fig. 394. — Columba livia. The entire animal from the left side with most of the feathers 
removed, ad. dg. rmx. ad*digital remex ; al. $p. ala spuria ; an. anus ; au. ap. auditor aperture ; 
ch, rmg, cubital remiges ; cr. cere ; dg. r, 2, 3, digits of manus ; dg. i\ 2\ 3', 4', digits of pes ; 
hu. pt. humeral pteryla ; Ig. ligament of remiges ; md. dg. rmg, mid-digital remiges ; na. nostril ; 
net. m. nictitating membrane ; o. gl. oil-gland ; pr. dg. rmg. pre-digital remiges ; pr. ptgm. pre- 
patagium ; pt. ptgm. post-patagium ; ret. mesial rectrix of right side ; rct\ sacs of left rectrices ; 
sp, pt. spinal pteryla ; ts. mtts. tarso-metatarsus ; v. apt. ventral apterium. 


sheaths. The head, neck, and trunk are invested in a close covering of feathers, 
all directed backwards and overlapping one another. Posteriorly the trunk 
gives origin to a number of outstanding feathers which constitute what is 
ordinarily called the tail. From the anterior region of the trunk spring the 
wir^s, also covered with feathers, and, in the position of rest, folded against the 
sides of the body. The legs spring from the hinder end of the trunk, but, owing 
to the thick covering of feathers, only the feet are to be seen in the living Bird, 



PHYLUM CHORDATA 


427 

each covered with scales and terminating in four digits {dg. i' — dg. 4'), three 
directed forwards and one backwards. 

In order to make a fair comparison of the outer form with that of other 
Craniate types, it is necessary to remove the feathers. When this is done, the 
Bird is seen to have a long, cylindrical, and very mobile neck, sharply separated 
both from head and trunk. The true tail is a short, conical projection of the 
trunk, known as the uropygium, and giving origin to the group of large feathers 
(ret.) to which the word " tail ” is usually applied. On the dorsal surface of the 
uropygium is a papilla bearing on its summit the opening of a large gland, the 
oil-gland (0. gl.), the secretion of which is used for lubricating or “ preening " 
the feathers. 

The wings show the three typical divisions of the fore-limb, upper arm, 
fore-arm, and hand, but the parts of the hand are closely bound together by 
skin, and only three imperfectly-marked digits, the second (dg. 2) much larger 
than the first (dg. i) and third (dg. 3), can be distinguished. In the position of 
rest the three divisions of the wing are bent upon one another in the form of a Z ; 
during flight they are straightened out and extended so that the axis of the 
entire wing is at right angles to that of the trunk. On the anterior or pre-axial 
border of the limb a fold of skin stretches between the upper arm and the fore- 
arm ; this is the alar membrane or pre-paiagium (pr. ptgm.). A similar but much 
smaller fold extends, post-axially, between the proximal portion of the upper 
arm and the trunk ; this is the post-patagium (pt. ptgm.). 

In the hind-limb the short thigh is closely bound to the trunk, not standing 
well out as in a Reptile, but directed downwards and forwards ; the long shank 
extends from the knee downwards and backwards; and the foot is clearly 
divisible into a proximal portion, the tarso-metatarsus (ts. mtts.), and four 
digits, of which one, the hallux (dg. i'), is directed backwards, the others, the 
2nd, 3rd, and 4th of the typical foot, forwards. The entire hind-limb is in a 
plane parallel with the sagittal plane of the trunk. 

The mouth is terminal, and is guarded by the elongated upper and lower 
beaks ; it has, therefore, a very wide gape. On each side of the base of the 
upper beak is a swollen area of soft skin, the cere (cr.), surrounding the nostril 
(««.), which has thus a remarkably backward position. The eyes are very large, 
and each is guarded by an upper and a lower eyelid and a transparent nictitating 
membrane {net. m.). A short distance behind the eye is the auditory aperture 
(au. ap.), concealed by feathers in the entire Bird, and leading into a short 
external auditory meatus, closed below by the t3mipanic membrane. The anus 
or cloacal aperture (an.) is a large, transversely-elongated aperture plaeed on the 
ventral surface at the junction of the uropygium with the trunk. 

Exoskdeton. — ^The exoskeleton is purely epidermal, like that of the Lizard, 
which it also resembles in consisting partly of homy scales. These cover the 
tarso-metatarsus and the digits of the foot, and are quite reptilian in appearance 



428 


ZOOLOGY 


and structure. Each digit of the foot is terminated by a claw, which is al.so 
a homy product of the epidermis ; and tlie beaks are of the same nature. The 
rest of the body, however, is covered by feathers, a unique type of epidermal 
product found nowhere outside the present class. 

A feather (Fig. 395) is an elongated structure consisting of a hollow stalk, 
the calamus or quill {cal.), and an expanded distal portion, the vexillum or vane. 
At the proximal end of the quill is a small aperture, the inferior umbilicus {inf. 
umb.), into which fits, in the entire Bird, a small conical prolongation of the 

skin, the feather papilla. A second. 



Fig. 395. — ColnmlM livia. A, i>roximal portion 
^ roinex. cdl. c&l&inus ; inf. umb. inferior 
umbilicus ; tch. rachis ; sup. umb. superior um- 
bilicus. B, filoplume. C, nestUng-down. (C. 
from Bronn’s Tkierreich.) 


extremely minute aperture, the 
superior umbilicus {sup. umb.), 
occurs at the junction of the quill 
with the vane on the irmer or 
ventral face of the feather, i.e., the 
face ad j acent to the body. A small 
tuft of down in the neighbourhood 
of the superior umbilicus repre- 
sents the after-shaft of many Birds 
— including some Pigeons {vide 
infra). 

The vane has a longitudinal 
axis or rachis {rch.) continuous 
proximaUy with the quill, but 
differing from the latter in being 
solid. To each side of the rachis 
is attached a kind of membrane 
forming the expanded part of the 
feather and composed of barbs — 
delicate, thread-like structures 
which extend obliquely outwards 
from the rachis. In an uninjured 


feather the barbs are closely con- 
nected so as to form a continuous sheet but a moderate amount of force separates 
them from one another, and it can readily be made out with the aid of a mag- 
nifying glass that they are bound together by extremely delicate oblique 
filaments, the barbules, having the same general relation to the barbs as the 
barbs themselves to the rachis. 


The precise mode of interlocking of the barbs can be made out only by 
microscopic examination. Each barb (Fig. 396, .i) is a very thin and long 
plate springing by a narrow base from the rachis, and pointed distally. From 
its upper edge — the edge furthest from the body of the Bird — spring two sets 
of barbules, a proximal set (C) directed towards the base of the feather, and a 
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distal set (D) towards its tip. Owing to their oblique disposition the distal 
barbules of a given barb cross the proximal barbules of the next, each distal 
barbule being in contact with several proximal barbules of the barb immediately 
distal to it (A). The lower edge of the distal barbule is produced into minute 
hooklets (D) : in the entire feather the booklets of each distal barbule hook over 
prominent flanges of the proximal barbules with which it is in contact {A, B). 
In this way the parts of the feather are so bound together that the entire 
structure offers great resistance to the air. 

Among the contour feathers which form the main covering of the Bird and 




Fig. 396. — Structure of Feather. A , small portion of feather with pieces of two barbs, each 
having to the left three distal barbules, and to the right a number of proximal barbules, many 
of them belonging to adjacent barbs. B, booklet of distal barbule interlocking with flange of 
proximal barbule. C, two adjacent proximal barbules. D, a distal barbule. (From Headley, 
after I^craft.) 


have the structure just described are found fiUyplumes (Fig. 395, B), delicate 
hair-like feathers having a long axis and a few barbs, devoid of locking apparatus 
at the distal end. Nestling Pigeons are covered with a temporary investment 
of down-feathers (C), in which also there is no interlocking of the barbs : when 
these first appear each is covered by a homy sheath like a glove-finger. 

Feathers, like scales, arise in the embryo from papillae of the skin (Fig. 
397, A, Pap.), formed of derm with an epidermal covering. The papilla 
becomes sunk in a sac, the feather-follicle (B, F), from which it subsequently 
protrudes as an elongated feather-germ (FK). its vascular dermal interior being 
the fearer-pulp (P). The Malpighian layer of the distal part of the feather- 
germ proliferates in such a way as to form a number of vertical radiating ridges 
(C, Fal. (SAP)) : its proximal part becomes uniformly thickened, and in this 
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way is produced the rudiment of a down-feather, having a munber of barbs 
springing, at the same level, from the distal end of the quill. The horny layer 
of the epidermis (HS ( 5 c.^)) forms the temporary sheath which is thrown off as 
the feather grows and expands. The pulp of the permanent feather (D, F^) 
is formed from the lower or deep end of that of the down-feather, and its 
development is at first similar, but, instead of the ridges of the Malpighian layer 
remaining all of one size, two adjacent ones outgrow the rest and become the 
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1‘iG* 397- — Sxx stages m the development of the feather. A, early feather-papilla in its 
follicle ; B, feather-germ ; C, transverse section of feather-germ ; D, down-feather in its follicle ; 
E» down-feather removed from follicle; F, early stage of permanent feather. Cw, dermis; 
F. follicle of down-feather; F\ follicle of permanent feather; Fal. (SM^.), folds of Malpighian 
layer extending into feather-germ ; FK. feather-germ ; FSp^ calamus of down-feather ; 
HS(Sc^,), feather-sheath ; HSt, barbs ; P. pulp ; Pap. feather-papilla ; R. rachis ; Sc. stratum 
corneum ; Sc^. its extension into feather-papilla ; sec. barbules ; SM. stratum Malpighii ; 
its extension into feather-papilla ; V, vexillum. (From Wiedersheim's Comparative A natomy, 
after Studer.) 

rachis ; as the latter elongates it carries up with it the remaining ridges, which 
become the barbs. 

The feathers do not spring uniformly from the whole siurface of the body, 
but from certain defined areas (Fig. 398), the feather tracts ox pterylts {sp. pt., 
hu. pt., etc.), separated from one another by featherless spaces or apteria (v. 
apt., etc.), from which only a few filoplumes grow. The feathers are, how- 
ever, long enough to cover the apteria by their overlap, and the body is thus 
completely covered with a thick, very light, and non-conducting investment. 
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In the wings and tail certain special arrangements of tlie feathers are to be 
distinguished. When the wing is stretched out at right angles to the trunk, 
twenty-three large feathers (Fig. 394) are seen to spring from its hinder or 
post-axial border : these are the remiges or wing-quills. Twelve of them are 
connected with the ulna and are called cubitals or secondaries {cb. rmg.). The 
rest are known as primaries : seven of these are attached to the metacarpal 
region, and are hence called metacarpals {micp. rmg.), the remaining four or 
digitals to the phalanges of the second and third digits. These are again dis- 
tinguished into a single ad-digital {ad. dg. rmx.), connected with the single 
phalanx of the third digit (Fig. 402, ph. 3), two mid-digitals {md. dg. rmg.) 
with the proximal phalanx of the second digit (Fig. 402, ph. 2), and two pre- 



Fig. 398. — Pterylosis of Columba livia. A, ventral; B, dorsal, al, pt. alar pteryla or wing- 
tract ; c. pU cephalic pteryla or head-tract ; cd, pt. caudal pteryla or tail-tract ; cr. pt. crural 
pteryla ; cv. apt. cervical apterium or neck-space ; fm. pt. femoral pteryla ; hu. pt. humeral 
pteryla ; lat. apt. lateral apterium ; sp. pt. spinal pteryla ; v. apt. ventral apterium ; v. pt. ventral 
pteryla. (After Nitzsch.) 

digitals {pr. dg. rmg.) with its distal phalanx (Fig. 402, ph. 2'). A special tuft 
of feathers on the anterior border of the wing, arising from the poUex (Fig. 
402, ph. x), fonps the ala spuria {al. sp.). The spaces which would otherwise 
be left between the bases of the remiges are filled in, both above and below, by 
several rows of upper and under wing-coverts. In the tail there are twelve long 
rectrices (Fig. 394, ret.) or tail-quills, springing in a semicircle from the uropy- 
gium ; their bases are covered, as in the wing, by upper and under tail-coverts. 
The whole feather-arrangement is known as the pterylosis. 

RndiMkriAtftn- — ^The vertebral column is distinguished from that of most 
other Craniata by the great length and extreme mobility of the neck, the 
rigidity of the trunk-region, and tile shortness of the tail. As in Reptilia, the 
cervical passes almost insensibly into the thoracic region, and the convention is 
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again adopted of counting as the first thoracic (Fig 398a, th. v. i), the first 
vertebra having its ribs united with the sternum. There are fourteen cervical 
vertebrae, the last or laist two of which have double-headed ribs {cv. r.), each 
having its proximal end divisible into the head proper articulating with the 
centrum of the vertebra, and a tubercle with the transverse process : their 
distal ends are free, not uniting with the sternum. In the third to the twelfth 
there are vestigial ribs (Fig. 3986, rb.), each having its head fused with the 
centrum, and its tubercle with the transverse process. The whole rib thus has 
the appearamce of a short, backwardly-directed transverse process perforated at 
its base; the perforation transmits the vertebral artery, and is called the 
vertebrarterial foramen [vrb.f.). 



car 


Fig. 398a. — Coluxnba livia. The bones of the trunk, act, cor. acrocoracoid ; a. tr. anti- 
trochanter; acetabulum; car. carina stemi ; c(?. v. caudal vertebrae; cor. doracoid ; cv. r. 
cervical ribs ; /. its. probe passed into foramen triosseum ; fur. furcula ; gl, cv. glenoid cavity ; 
il. ilium ; is. ischium ; is. for. ischiadic foramen ; oht: n. obturator notch ; pu. pubis ; pyg. sL 
pygostyle ; scp. scapula ; s. scr. syn-sacrum ; st. Sternum ; st. r. sternal ribs ; th. v. j, first, and 
th. V, 5, last thoracic vertebra ; unc. uncinates ; vr. r. vertebral ribs. 

The centra of the cervical vertebr® differ from those of all other Vertebrata 
in having saddle-shaped surfaces, the anterior face (Fig, 3986, ^ 4 ) being concave 
from side to side and convex from above downwards, the posterior face (B) 
convex from side to side and concave from above downwards. Thus the cen- 
trum in sagittal section appears opisthocoelous, in horizontal section procoelous. 
This peculiar form of vertebra is distinguished as heterocalous. The centra 
articulate with one another by synovial capsules, each traversed by a vertical 
plate of cartilage, the meniscus, with a central perforation through which a 
suspensory ligament passes from one centrum to the other. 

The first two vertebrae, the atlais and axis, resemble those of the Lizard, but 
have the various elements of which they are composed completely fused. The 
small size of the ring-like atlas is noticeable. . 
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Between the last cervical vertebrae and the pelvic region come either four 
or five thoracic vertebrae (Fig. 398a) — the first three, when four only are present, 
the second, third, and fourth, when there are five, united into a single mass, the 
last free. The anterior thoracic as well as the posterior cervical vertebrae have 
the centrum produced below into a compressed plate, the hypapophysis, for 
the origin of the flexor muscles of the neck. They all bear ribs, each consisting 
of a vertebral [vr. r.) and a sternal (sLr.) portion, and articulating with the 
vertebra by a double head. The sternal, like the vertebral rib, is formed of 
true bone, not of calcified cartilage as in Reptiles, and articulates with the verte- 



cn^ 



Fig. 3986. — Columba 
livia. Cervical vertebra. 
A, anterior, B, posterior 
face. .. a. zyg, anterior 
zygapophysis ; cn. cen- 
trum ; n, a. neural arch ; 
p. zyg, posterior zygapo- 
physis ; rib ; vvh. /. 
vertebrarterial foramen. 



Fig. 398c. — Columba 
livia. Sacrum of a nest- 
ling (about fourteen days 
old), ventral aspect. c^. 
centrum of first sacral 
vertebra; c’. centrum of 
fifth caudal ; c. r. first 
sacral rib ; centrum of 
first lumbar ; /®. third 

lumbar ; 5^ of fourth 

lumbar ; 5 ®. of sixth lum- 
bar ; tr, p, transverse 
process of first lumbar; 
tr. p\ of fifth lumbar ; 
U, p", of first sacral. 
(From Parker's Zootomy.) 


bral rib by a synovial joint. Springing from the posterior edge of the verte- 
bral rib is an uncinate {unc.), resembling that of Sphenodon and the Crocodile, 
but formed of bone and ankylosed with the rib. 

Following upon the fourth or fifth thoracic are about twelve vertebrae, all 
fused into a single mass (Fig. 398a, s.scr.), and giving attachment laterally to 
the immense pelvic girdle. The whole of this group of vertebrae has, therefore, 
the function of a sacrum, differing from that of a Reptile in the large number of 
vertebrae composing it. The first of them beaurs a pair of free ribs, amd is, 
therefore, the fifth or sixth (last) thoracic {th. v. 5). The next five or six 
have no free ribs, and may be looked upon as lumbar (Fig. 398c, — s®.): 

VOL. n. , 2 F 
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their transverse processes arise high up on the neural arch, and the ligament 
uniting them is ossified, so that the lumbar region presents dorsally a continuous 
plate of bone. Next come two sacral vertebrae (c^.) homologous with those of 
the Lizard : besides transverse processes springing from the neural arch, one 



Fig. 398if. — Colomba livia. Skull of young 
specimen. A , dorsal ; ii, ventral ; C, left side. 
al.s, alisphenoid ; an. angular ; ar. articular ; 
6. o. basi-occipital ; d. dentary ; e.o. exoccipital ; 
eu. aperture of Eustachian tube ; /. m. foramen 
magnum : fr. frontal ; i, o. s. inter-orbital 
septum ; ju. jugal ; Ic. lacrymal ; lb. s. lamboidal 
suture ; m.etk. mesethmoid ; mx. maxilla ; mx. p. 
maxillo-palatine |)rocess; na. na\ na". nasal; 
o. c. occipital condyle ; or. fr. orbital plate of 
frontal ; pa. parietal ; pa.s. parasphenoid (ros- 
trum) ; pi. palatine ; p.mx. premaxilla ; pt. 
pterygoid ; qu. quadrate ; 5. an. supra-angular ; 
s. o. supra-occipital ; so. squamosal: ty. tym- 
panic cavity; II — XI I, foramina for cerebral 
nerves. (From Parker's Zootomy.) 


or both of them bears a second or 
ventral outgrowth {c, r.) springing 
from each side of the centrum and 
abutting against the ilium just in- 
ternal to the acetabulum. These 
distinctive processes are ossified in- 
dependently and represent sacral ribs. 
The remaining five vertebrae of the 
pelvic region are caudal. Thus the 
mass of vertebrae supporting the 
pelvic girdle in the Pigeon is a com- 
pound sacrum, or syn-sacrum, formed 
by the fusion of the posterior thoracic, 
all the lumbar and sacral, and the 
anterior caudal vertebrae. 

The syn-sacrum is followed by six 
free caudals, and the vertebral column 
ends posteriorly in an upturned, com- 
pressed bone, thepygostyle or plough- 
share-bone (Fig. 3^a,pyg-st.), formed 
by the fusion of four or more of the 
hindmost caudal vertebrae. 

Thus the composition of the 
vertebral column of the Pigeon may 
be expressed in a vertebral formula} 

The sternum (Fig. 398a, s^.) is one 
of the most characteristic parts of 
the Bird's skeleton. It is a broad 
plate of bone produced ventrally, in 
the sagittal plane, into a deep keel 
or Carina sterni {car,), formed, in the 


young bird, from a separate centre of ossification. The posterior border of 
the sternum presents two pairs of notches, covered, in the recent state, by 
membrane ; its anterior edge bears a pair of deep grooves for the articulation 


of the coracoids. 


The skull (Fig. 398^) is distinguished at once by its rounded brain-case , 




PHYLUM CHORDATA 


435 


immense orbits, and long, pointed beak. The foramen magnum (/. m.) looks 
downwards as well as backwards, so as to be visible in a ventral view, and on 
its anterior margin is a single, small, rounded occipital condyle (o. c.). Most of 
the bones, both of the cranial and facial regions, are firmly ankylosed in the 
adult, and can be made out only in the young birds. 

The occipitals, parietals, f rentals, and alisphenoids have the usual relations 
to the brain-case, the basi-occipital (b. o.), as in the Lizard, bearing the occipital 
condyle. The basisphenoid (Fig. 399, B. SPH.) is a large bone forming the 
greater part of the basis cranii and continued forwards, as in the Lizard, by a 



Fig. 399. — Sagittal section of a Bird’s skull (diagrammatic). Replacing Bones — AL.SPH. 
alisphenoid ; ART. articular ; B. OC. basi-occipital ; B. SPH. basi-sphenoid ; EP.OT. epiotic ; 
EX.OC.' exocciptal ; M.ETH. mesetlimoid ; OP.OT. opisthotic ; ORB. SPH. orbito-sphenoid ; 
PR, OT. pro-otic; QtT. quadrate; S. OC. supra-occipital. Investing bones — ANG. angular; 
B. TMP. basi-temporal ; COR. coronary; DNT. dentary; FR. frontal; JU. jugal; LCR. 
lacrymal ; MX. maxilla; NA. nasal; PA. parietal; PAL. palatine; PMX. premaxilla; 
PTG. pterygoid; QU.JU. quadratojugal ; RST. rostrum; S. ANG. supra-angular ; SPL. 
spleniaf ; SQ. squamosal ; VO. vomer ; flc. fos. floccular fossa ; mx. pal, pr. maxillo-palatine 
process ; opt. for. optic foramen ; orb. pr. orbital process ; ot. pr. otic process ; pty. fos. pituitary 
fossa. 

slender rostrum (Fig. '^olSd.pa.s., Fig. 399, RST.), which represents the anterior 
portion of the parasphenoid. On the ventral aspect of the basisphenoid 
paired membrane bones, the basi-temporals (Fig. 399, B. TMP), are developed, 
and become firmly ankylosed to it in the adult : they probably represent the 
posterior portion of the parasphenoid. The tympanic cavity is bounded by 
the squamosal (Fig. 3984!, sq.), which is firmly united to the other cranial 
bones. The main part of the auditory capsule is ossified by a large pro-otic 
(Fig. 399, PR. OT.) : the small opisthotic of the embryo early unites with the 
exocdpital, the epiotic with the supra-occipital. The parasphenoid and 
mesethmoid together form the inter-orbital septum (Fig. 398^, i. 0. s,), a vertical 
partition, partly bony, partly cartilaginous, which separates the orbits from 
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one another. It is very characteristic of the bird’s skull that the immense 
size of the eyes has produced a compression of this region of the skull. The 
ecto-ethmoids or turbinals are comparatively poorly developed, in corres- 
pondence with the small size of the olfactory organs. There are large lacry- 
mals (Fig. 398^, Ic., Fig. 399, LCR), and the nasals («a, ««', na", NA) are 
forked bones, each furnishing both an inner and an outer boundary to the 
corresponding nostril. 

The premaxillae (p.mx., PMX.) are united into a large triradiate bone which 
forms practicadly the whole of the upper beak. The maxillae {mx., MX.), on 

the other hand, are small, and have their anterior 
ends produced inwards into spongy maxillo-palatine 
processes (Fig. 398^, mx. p.. Fig. 399, mx. pal. pr). 
The slender posterior end of the maxilla is con- 
tinued backwards by an equally slender jugal {ju., 
JU.) and quadratojugal {QU.JU.) to the quadrate. 
The latter {qu., QU.) is a stout, three-rayed bone 
articulating by two facets on its otic process {ot. 
pr.) with the roof of the tympanic cavity, sending 
off am orbital process {orb. pr.) from its anterior 
margin, and presenting below a condyle for arti- 
culation with the mandible ; it is freely movable 
upon its tympanic au-ticulation, so that the lower 
jaw has a double joint as in Lizards and Snakes. 

The palatines {pi., PAL.) have their • slender 
anterior ends ankylosed with the maxilla, their 
scroll-like posterior ends articulating with the 
pterygoids and the rostnmi. The pterygoids {pt., 
PTG.) ar^ rod-shaped and set obhquely; each 
articulates behind with the quadrate, and, at about 
the middle of its length, with the basi-pterygoid 
process, a small faceted projection of the base of the rostrum. There is no 
vomer in the Pigeon. 

The mandible of the young Bird consists of a replacing bone, the articular 
{ar., ART.), and four investing bones the angular {an., ANG.), supra-angular 
{s.an., S. ANG.), dentary {d., DNT.), and splenial {SPL.), all having the same 
general relations as in the Lizard. The hyoid apparatus (Fig. 400) is of charac- 
teristic form, having an arrow-shaped body {b. hy.) with a short pair of anterior 
cornua {c. hy.) derived from the hyoid arch, and a long pair of posterior cornua 
{c.br.,ep. hr.) from the first branchial. The columella (Fig. 401) is a rod-shaped 
bone ankylosed to the stapes, and bearing at its outer end a three-rayed car- 
tilage, the extra-columMa {e. U., i. st., s. st.), fixed to the tympanic membrane. 

The shoulder-girdle (Fig. 398a )is quite u^ke that of other Craniates. There 



Fig. 400. — Columba livia. 

Hyoid apparatus. The carti- 
laginous parts are dotted. 
h. br, I, 6. hr. 2 , basi-branchials : 
6 - hy. basi-hyal ; c. br. cerato- 
branchial ; c. hy. hyoid cornu ; 
ep. br. epi-branchiai. 
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is a pair of stout, pillar-like coracoids {cor.) articulating with deep facets on the 

anterior border of the sternum, and directed upwards, forwards, and outwards. 

The dorsal end of each is produced into a 

acro-coracoid process {acr. cor.), and below 

this, to the posterior aspect of the bone, is 

attached by ligament a sabre-shaped scapula 

(scp.) which extends backwards over the , Fig. 401.— Cdumba The co- 

j . , , • 1 , . , lumella auns (magnified). The cartila- 

nbs, and includes, with the coracoid, an ginous parts are dotted, e. st. extra- 

acute angle, the coraco-scapular angle. The .“tapes^’^c^oin p^: 

glenoid cavity (gZ. cv,) is formed in equal Zootomy.) 





proportion by the two bones ; internal to it 
the scapula is produced into an acromion 
process. 

In front of the coracoids is a slender 
V-shaped bone, the furcula (fur.) or " merry- 
thought,” the apex of which nearly reaches 
the sternum, while each of its extremities is 
attached by ligament to the acromion and 
acro-coracoid processes of the corresponding 
side in such a way that a large aperture, 
the foramen triosseum (f. trs.), is left between 
the three bones of the shoulder-girdle. The 
furcula is an investing bone and represents 
fused clavicles and interclavicle. 

Equally characteristic is the skeleton of 
the fore-limb. The humerus (Fig. 402, hu.) 
is a large, strong bone, with a greatly 
expanded head and a prominent ridge for 
the insertion of the pectoral muscle. In it, 
as in all the other long bones, the extremi- 
ties as well as the shaft are formed of true 
bone. The radius (ra.) is slender and nearly 
straight, the ulna stouter and gently curved. 
There are two large free carpals, a radiale 



(ra'.) and an ulnare {ul'.), and articulating 
with these is a bone called the carpo- 
metacarpus (cp. mtcp.) consisting of two 
rods, that on the pre-axial side strong and 
nearly straight, that on the post-axial side 
sl&gidex and curved, fused with one another 


Fig. 402. — Colmnba livis. Skeleton 
of the left wing. cp. mtcp. carpo-meta- 
caipus ; hu. humerus ; ph. i, phalanx 
of first digit : pk. a', ph. a", phalanges 
of second digit ; ph. 3, phalanx of third 
digit ; pn. for. pneumatic foramen. 
ra. radius; ra'. radiale; ul, ulna; uV. 
ulnare. 


at both their proximal and distal ends ; the proximal end is produced, pre- 
axially, into an outstanding step-like process. The study of development 
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shows that this bone is formed by the union of the distal carpals with three 
metacarpals (Fig. 403), the second and third of which are the two rod-like 

portions of the bone, the first the step-like projection. 
Articulating with the first metacarpal is a single 
pointed phalanx (Fig. 402, ph. i) ; the second meta- 
carpal bears two phalanges, the proximal one {ph. 2') 
produced post-axially into a flange, the distal one 
{ph. 2”) pointed ; the third metacarpal bears a single 
pointed phalanx ph. 3). 

The pelvic girdle (Fig. 398a) resembles that of no 
other Vertebrate with the exception of some Dino- 
saurs. The ilium {il.) is an immense bone attached 
by fibrous union to the whole of the S3m-sacrum and 
becoming ankylosed with it in the adult. It is divisible 
into pre-acetahular and post-acetahular portions of 
approximately equal size. As usual it furnishes the 
dorsal portion of the acetabulum, and on the posterior 
edge of that cavity is produced into a process, the 
anti-trochanter {a. tr.), which works against the tro- 
chanter, a process of the femur. The ventral portion 
of the acetabulum is furnished in about equal pro- 
portions by the pubis and ischium (Fig. 404) : it is not 
completely closed by bone, but is perforated by an 
aperture covered by membrane in the recent state. Both pubis and ischium 
are directed sharply backwards from their dorsal or acetabular ends. The 
ischium {is.) is a broad bone, ankylosed posteriorly with the Uium, and 
separated from it in front by an 
ischiatic foramen (Fig. 398a, is. for . ; 

Fig. 404, i. s. /.). The pubis {pu.) is 
a slender, curved rod, parallel with 
the ventral edge of the ischium, and 
separated from it by an obturator 
notch (Fig. 395, obt. n. ; Fig. 404, ob.f.). 

Neither ischium nor pubis unites 
ventrally with its fellow to form a 
symphysis. 

In the hind-limb the femur (Fig. 

405* is a comparatively short bone. 

Its proximal extremity bears a promi- 
nent trochanter {tr.) and a rounded head 
{hd.), the axis of which is at right angles to the shaft of the bone ; so that the 
femur, and indeed the whole limb, lies in a plane parallel with the sagittal 



Fig. 404. — Colomba livk. Left innomin- 
ate of a nestling. The cartilage is dotted, 
ac. acetabulum ; a. tr, anti-trochanter ; il, pre- 
acetabular, and iV, post-acetabular portion of 
ilium ; is, ischium ; i. s, f. ischiadic foramen ; 
ob, f, obturator notch; pu. pubis. (From 
Parker's Zootomy.) 



Fig. 403. — Columba 
livia. Left manus of a 
nestling. The cartilaginous 
parts are dotted, cp. i, 
radiale ; cp. 2 . ' ulnare ; 
mcp. I, 2, 3, metacarpals: 
ph, j, phalanx of first digit ; 
ph. 2, ph. 2\ phalanges of 
second digit ; ph. 3, 
phalanx of third digit ; 
ra. radius ; ul. ulna. 
(From Parker’s Zootomy.) 
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plane of the trunk, and is not directed outwards as in Reptiles. Its distal end 
is produced into pulley-like condyles. There is a small sesamoid bone (i.e., a 


bone developed in a tendon), the patella {pat.), on 
the extensor side of the knee-joint. Articulating 
with the femur is a very long bone, the tibio-tarsus 
(ti. ts.), produced on the anterior face of its proximal 
end into a large cnemial process {cn. pr.) for the 
insertion of the extensor muscle of the thigh. Its 
proximal articular surface is slightly hollowed for 
the condyle of the femur ; its distal end is puUey- 
like, not concave like the corresponding extremity 
of the tibia of other Amniota. The study of 
development shows that the pulley-like distal end 
of the bone (Fig. 406, tl. i) consists of the proximal 
tarsals — astragalus and calcaneum — which at an 
early period unite with the tibia and give rise to 
the compound shank-bone of the adult. The fibula 
(fi.) is very small, much shorter than the tibia, and 
tapers to a point at its distal end. 

Following the tibio-tarsus is an elongated bone, 
the tarso-metatarsus (Fig, 405, ts. mtts.), presenting 
at its proximal end a concave surface for the tibio- 
tarsus, and at its distal end three distinct pulleys 
for the articulation of the three forwardly-directed 
toes. In the young bird the proximal end of this 
bone is a separate cartilage (Fig. 406, tl. 2), repre- 
senting the distal tarsals, and followed by three 
distinct metatarsals, belonging respectively to the 
second, third, and fourth digits. Thus the ankle- 
joint of the bird is a mesotarsal joint, occurring, as 
in the Lizard, between the proximal and distal 
tarsals, and not, as in Mammals {q,v.), between the 
tibia and the proximal tarsals. To the inner or 
pre-axial side of the tarso-metatarsus, near its distal 
end, is attached by fibrous tissue a small irregular 
bone, the first metatarsal (Fig. 405, mtts. i). The 
digits have the same number of phalanges as in the 
Lizard, the backwardly-directed hallux two, the 
second or inner toe three, the third or middle toe 
four, and the fourth or outer toe five. In all four 



Fig. 405. — Columba livia. 
Bones of the left hind-limb. 
cn. pr. cnemial process; ft. 
femur ; fi. fibula ; hd. head 
of femur ; nUts. i, first meta- 
tarsal ; pat. patella ; ph. x, 
phalanges of first digit ; ph. 4, 
phalanges of fourth digit ; ii. 
ts. tibio-tarsus ; ts. mtts. 
tarso-metatarsus ; ir. tro- 
chanter. 


digits the distal or ungual phalanx is pointed and curved, and serves for the 


support of the homy claw. 
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It will be observed that every part of the bird's skeleton presents charac- 
teristic and indeed unique features. The vertebral column, the skull, the ster- 
num, the ribs, the limb-girdles, and the limbs themselves are all so highly 
specialised that there is hardly a bone, except the phalanges of the toes and the 
free caudal vertebrae, which could possibly be assigned to any other vertebrate 
class. 

A further peculiarity is the fact that the larger proportion of the bones 
contain no marrow, but are filled during life with; air, and are therefore said to 
be pneumatic. The cavities of the various bones open externally in the dried 
skeleton by apertures called pneumatic foramina (Fig. pn.fr.), by which, in 

the entire Bird, they communicate with the air-sacs {vide p. 445). In the 

Pigeon the bones of the fore-arm and hand, and of 
the leg, are non-pneumatic. 

Muscular System. — As might naturally be ex- 
pected, the muscles of the fore-limb are greatly 
modified. The powerful downstroke of the wing by 
which the Bird rises into and propels itself through 
the air is performed by the pectoralis (Fig. 407, pet.), 
an immense muscle having about one-fifth the total 
weight of the body ; it arises from the whole of the 
keel of the sternum {car. st.), from the posterior part 
of the body of that bone {cp.st.), and from the 
clavicle {cl.), filling nearly the whole of the wedge- 
shaped space between the body and the keel of the 
sternum and forming what is commonly called the 
“ breast ” of the bird. Its fibres converge to their 
insertion {Pet.") into the ventral- aspect of the 
humerus {hu., hu'.) which 'it depresses. The eleva- 
tion of the wing is performed, not, as might be 
expected, by a dorsally-placed muscle, but by the 
subclavius {sh.clv.), arising from the anterior part of the body of the sternum, 
dorsal to the pectoralis, and sending its tendon {sb.clv'.) through the foramen 
triosseum to be inserted into the dorsal aspect of the humerus. In virtue of 
this arrangement, the foramen acting like a pulley, the direction of action of the 
muscle is changed, the backward pull of the tendon raising the humerus. There 
are three tensores patagii {tns. Ig., tns. br., tns. acc.), the action of which is to keep 
the pre-patagium tensely stretched when the wing is extended. A similar 
muscle {tns. m. p.) acts upon the post-patagium. Th'e muscles of the digits are 
naturally much reduced. 

The muscles of the neck and tail are well developed ; those of the back are 
practically atrophied, in correspondence with the immobility of that region. 
In the leg certain of the muscles are modified to form the perching mechanism. 



Fig. 406. — Columbalivia. 
Part of left foot of an un- 
hatched embryo (magnified). 
The cartilage is dotted, mil. 
2, second, mtU 3, third, and 
mtL 4, fourth metatarsal; 
ti. tibia ; tL j, proximal 
tarsal cartilage ; tl, 2, distal 
tarsal cartilage. (From 
Parker's Zootomy.) 
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The toes are flexed by two sets of tendons and superficial. The deep tendons 
of the three forwardly-directed digits are formed by the trifurcation of the 
tendon of a single muscle, the peronaus medius ; that of the hallux is derived 
from a separate muscle, the flexor perforans, which is joined by a slip from the 
peronaeus medius. Thus a pull upon one tendon flexes all the toes. When the 
leg is bent, as the bird settles to roost, the flexion of the tarso-metatarsus on the 
shank puts the flexor tendons on the stretch as they pass over the mesotarsal 
joint, and by the pull thus exerted the toes are automatically bent round the 
perch by the simple action of flexing the leg. They are kept in this position 



Fig. 407. — Columba livia. The priacipal muscles of the left wing ; the greater part of the 
pectoralis (pet.) is removed, car. st. carina stemi ; cl. furcula ; cor. coracoid ; cor, br. br. coraco- 
brachialis brevis ; cor. br. Ig. coraco-brachialis longus ; cp. st. corpus sterni ; ext. cp, rd. extensor 
carpi radialls ; extensor carpi ulnaris; uZ. flexor carpi ulnaris ; gZ. c. glenoid cavity ; 

hu. head of humerus ; hu\ its distal end ; pet, pectoralis ; pet', its cut edge ; pet", its insertion ; 
prn. br. pronator brevis ; prn. Ig. pronator longus ; pr. ptgm. pre-patagium ; pt. ptgm. post- 
patagium; sh.clv. subclavius; sb.clv'. its tendon of insertion passing through the foramen 
triosseum, and dotted as it goes to the humerus ; tns. acc. tensor accessorius ; tns. br. tensor 
brevis ; tns. Ig. tensor longus ; tns. m, p. tensor membranae posterioris alae. 


while the bird is asleep by the mere weight of the body. The action is assisted 
by a small but characteristic muscle, the ambiens, which arises from the pubis, 
passes along the inner surface of the thigh, and is continued into a long tendon 
which comes round to the outer side of the knee, enclosed in a special sheath, and 
continuing down the leg, joins the superficial flexors of the digits. 

Digestive Organs. — ^The mouth (Fig. 408) is bounded above and below by 
the homy beak, and there is no trace of teeth. The tongue (tng.) is large and 
pointed at the tip. The pharynx leads into a wide and distensible gullet (gul.) 
which soon dilates into an immense reservoir or crop (crp.) situated at the base of 
the neck, betweaa the skin and the muscles, and inunediately in front of the 
sternum. In this cavity the food, consisting of grain, undergoes a process of 
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maceration before being passed into the stomach. From the crop the gullet is 
continued backwards into the stomach, which consists of two parts, the pro- 
ventriculus {prvn.) and the gizzard (giz.). The proventriculus appears extern- 



Fig. 408. — Columbia livia. Dissection from the right side. The body-wall, with the 
vertebral column, sternum, brain, etc., are in sagittal section ; portions of the gullet and crop 
are cut away and the cloaca is opened ; nearly the whole of the ileum is removed, and the 
duodenum is displaced outwards, a. ao. aortic arch ; hd. i, bd, 2, bile-ducts ; fe. fahr. bursa 
Fabricii ; chi. cerebellum ; coe. right caecum ; cpdm. coprodaeum ; cr. cere ; crh. h. left cerebral 
hemisphere ; crp. crop ; cr." v. i, first cervical vertebra ; di.cce. diacoele ; dnt. dentary ; duo. 
duodenum ; eus. ap. aperture of Eustachian tubes ; giz. gizzard (dotted behind the liver) ; gl. 
glottis ; gul. gullet ; Urn. ileum ; i. orb. sp. inter-orbital septum ; kd. right kidney ; Ing. right 
lung ; If. liver (right lobe) ; na. bristle passed from nostril into mouth ; ohl. sep. oblique septum ; 
0 . gl. oil-gland ; pcd. pericardium ; pmx. premaxilla ; pn. pancreas ; pn. b. pineal body ; p. nd, 
I — 3, pancreatic ducts ; pr. cv. right pre-caval ; prdm. proctodaeum ; prvn. proventriculus (dotted 
behind liver) ; pt. cv. post-caval ; pty. b. pituitary body ; pyg.st. pygostyle ; r. au. right auricle ; 
r. hr. right bronchus ; ret. rectum ; r. vnt. right ventricle ; sp. cd. spinal cord ; spl. spleen (dotted 
behind liver) ; s. rhb. sinus rhomboidalis ; s. scr. syn-sacrum ; st. carina stemi ; syr. syrinx : 
th. V. X, first, and th. v. 5, fifth thoracic vertebra ; tng. tongue ; tr. trachea ; ts. right testis ; ur. 
aperture of left ureter ; urdm. urodaeum ; v. df. aperture of left vas deferens. 

ally like a slight dilatation of the gullet ; but its mucous membrane is very 
thick, and contains numerous gastric glands so large as to be visible t6 the 
naked eye. The gizzard has the shape of a biconvex lens : its walls are very 
thick and its lumen is small. The thickening is due mainly to the immense 
development of the muscles which radiate from two tendons, one on each of 
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the convex surfaces. The epithelial lining of the gizzard is very thick and 
horny, and of a yellow or green colour : its cavity always contains small stones, 
which are swallowed by the bird to aid the gizzard in grinding up the food. 

The duodenum {duo.) leaves the gizzard quite close to the entrance of the 
proventriculus and forms a distinct loop enclosing the pancreas. The rest of 
the small intestine is called the ileum {Urn.) : it presents first a single loop ; 
then follows its greater part coiled into a sort of spiral ; and lastly comes a 
single loop which passes without change of diameter into the rectum {ret.), the 
junction between the two being marked only by a pair of small blind pouches 
or C(Bca {cce.). The cloaca is a large chamber divided into three compartments, 
the coprodcBum {cpdm.), which receives the rectum, the urodaum {urdm.), into 
which the urinary and genital ducts open, and the proctodeeum {prdm.), which 
opens externally by the anus. 

There are small buccal glands opening into the mouth, but none that can be 
called salivary. The liver {Ir.) is large, and is divisible into right and left lobes, 
each opening by its own duct {b. d. i, b. d. 2) into the duodenum : there is no 
gall-bladder. The pancreas {pn.) is a compact reddish gland lying in the loop 
of the duodenum, into which it discharges its secretion by three ducts {pn. d. 
1-3). A thick-walled glandular pouch, the bursa Fabricii {b.fabr.), lies against 
the dorsal wall of the cloaca in young birds and opens into the proctodaeum : 
it atrophies in the adult. * 

Ductless Glands. — The spleen {spl.) is an ovoid red body, of unusually 
small proportional size, attached by peritoneum to the right side of the pro- 
ventriculus. There are paired thyroids at the base of the neck ; and, in young 
Pigeons, there is an elongated thymus on each side of the neck. The adrenals 
(Fig. 417, adr.) are irregular yellow bodies placed at the anterior ends of the 
kidneys. 

Respiratory and Vocal Organs. — The glottis (Fig. 408, gl.) is situated just 
behind the root of the tongue, and leads into the larynx, which is supported by 
cartilages — a cricoid divided into four pieces, and paired arytenoids — ^but does 
not, asTh other vertebrates, function as the organ of voice. The anterior part 
of the trachea {tr.) has the usual position, ventral to the gullet ; but further back 
it is displaced to the left by the crop, becoming ventral once more as it enters 
the body-cavity, where it divides into the right {r. br.) and left bronchi. The 
rings supporting the trachea are not cartilaginous but bony, as also is the first 
ring of each bronchus, those of the trachea completely surrounding the tube, 
those of the bronchi incomplete mesially. 

At the junction of the trachea with the bronchi occurs the characteristic 
vocaLorgan, tht ^rinx {syr.), found iq no other class. The last three or four 
rings of the trachea (Fig., 409 tr.), and the first or bony half-ring of each 
bronchus {br.), are modified to form a slightly dilated chamber, the tympanum, 
the mucous membrane of which forms a cushion-like thickening on each side. 
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At the junction of the bronchi a bar of cartilage, the pesstdus, extends dorso- 
ventrally and supports an inconspicuous fold of mucous membrane, the tnem- 
brana semilunaris. The membranous inner walls of the bronchi form the 
internal tympaniform membranes. A pair of intrinsic syringeal muscles arise 
from the sides of the trachea and are inserted into the syrinx, and a pair of 
sterno-tracheal muscles arise from the sternum and are inserted into the trachea. 
The voice is produced by the vibration of the semilunar membrane : its pitch 
is altered by changes produced by the action of the muscles. 

The lungs (Figs. 408, Ing., and 409) are very small in comparison with the 

size of the bird, and are but slightly 
distensible, being solid, spongy organs, 
not mere bags with sacculated walls 
as in amphibia and many reptiles. 
Their dorsal surfaces fit closely into 
the spaces between the ribs, and have 
no peritoneal covering : their ventral 
faces are covered by a strong sheet of 
fibrous tissue, the pulmonary aponen- 
rosis or pleura (Fig. 410, B, pul. ap.), 
a special development of the peri- 
toneum. Into this membrane are 
inserted small fan-like costopulmonary 
muscles, which arise from the junction 
of the vertebral and sternal ribs. 

The bronchus, on entering the 
lung, is continued to its posterior end 
(Figs. 408 and 409), dividing into 
two branches, each of which enters a 
bladder-like air-sac, formed as a dila- 
tion of the mucous membrane of the 
bronchus. One of these, the abdominal air-sac (Fig. 410, A , abd. a. s.) , lies among 
the coils of the intestine ; the other, ox posterior thoracic air-sac {post. ih. a. s.), is 
closely applied to the side-wall of the body. The bronchus also gives off, near 
its entrancointo the lung, three short branches, one of which becomes connected 
with an anterior thoracic air-sac [ant. th. a. s.), situated just in front of the pos- 
terior thoracic; another with an interdavicular air-sac {ini. clav. a. s.), which 
is median and impaired and connected with both lungs ; the third enters a 
cervical air-sac {cerv. a. s.) placed at the root of the neck. Each side of the 
interdavicular gives off an axillary air-sac, l5nng in the arm-pit. All these sacs 
are paired except the interdavicular, which is formed by the fusion of right and 
left moieties. The sacs are in communication with the pneumatic cavities of 
the bones. 



Fig. 409. — Ccdnmba livis. The lungs with 
the posterior end of the trachea, ventral aspect, 
fl. in, aperture of anterior thoracic air-sac; 
hr, prii^pal bronchus ; hY\ hr", br"\ secondary 
bronchi ; p, aperture of abdominal air-sac ; p, a, 
pulmonary artery entering lung ; p, in. aperture 
of posterior thoracic air-sac ; p, v, pulmonary 
vein leaving lung; sb. b, aperture of inter- 
clavicular air-sac; sp, b. aperture of cervical 
air-sac; sy. syrinx; ir, trachea. (From Par- 
ker's Zootomy.) 
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The ventral or free walls of 
the thoracic air-sacs of each 
side are covered by a sheet 
of fibrous tissue, the oblique 
septum {obi. sept.), which is 
continued forwards to the 
pericardium, and is united 
with its fellow of the opposite 
side in the middle dorsal line : 
it divides the coelome into two 
compartments— one containing 
the lungs with the interclavi- 
cular and thoracic air-sacs, the 
other {abd. cav.) the heart, 
liver, stomach, intestine, etc., 
with the abdominal air-sacs. 

Besides the branches to the 
air-sacs, the main bronchus 
gives off secondary bronchii, 
and these branch again, send- 
ing off tubes which give rise 
to a system of fine branching 
and anastomosing tubules, the 
“lung-capillaries,” which make 
up the main substance of the 
lung. 

When the Pigeon is stand- 
ing, the alternative elevation 
and depression of the sternum, 
produced partly by the ab- 
dominal, partly by the inter- 
costal muscles, causes an 
alternate enlargement and 
diminution of the capacity of 
the coelome, and thus pumps 
air in and out of the lungs. 

During flight, when the weight 
is supported by the wings, and 
the sternum is thus rendered 
relatively immovable, the same 
effect seems to be produced by the elevation and 
e^er ca^ the inspired air rushes through the 
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thence by diffusion into the pneumatic cavities of the bones. Thus, while in 
other animals a certain amount of unchanged or residual air is always left 
in the lungs after each expiration, in Birds the residual air is confined to the 
air-sacs and to the smaller branches of the bronchi, every respiratory movement 
drawing a current of fresh or tidal air through the lungs. As a result of this 
the aSration of the blood is very complete and its temperature correspondingly 
high. It is worthy of notice that Birds agree with Insects, the only other 
typically aerial class, in having the inspired air distributed all over the body, so 
that the aeration of the blood is not confined to the limited area of an ordinary 
organ. 

Cireillatory Organs. — The heart (Fig. 411) is of great proportional size, and, 



Fig. 41 1. — A, heart of the Pigeon, dorsal aspect, a. ao. arch of aorta ; hr. a. brachial artery ; 
hr. V. brachial vein ; c. c. common carotid ; ju. jugular ; 1. au. left auricle ; /. p. a. left pulmonary 
artery ; /. vn, left ventricle ; p.c. v. left pre-caval ; pt.c. post-caval ; p. v. pulmonary veins ; r. au, 
r. au', right auricje ; r. p. a. right pulmonary artery ; r. pr. c. right pre-caval ; r, yn. right ventricle. 
B, heart of a Bird with the right ventricle opened. L. V. septum ventriculorum'; R. V. right 
ventricle ; V. right auriculo- ventricular valve. {A , from Parker's Zootomy ; B, from Headley's 
Birds.) 

like that of the Crocodile, consists of four chambers — right and left auricles, 
and right and left ventricles. There is no sinus venosus, that chamber being, 
as it were, absorbed into the right auricle (Fig. 411, A, r. au.). The right 
ventricle (Fig. 411, B) partly encircles the left, the former having a crescentic; 
the latter a circular cavity in transverse sections. The left auriculo-ventricular 
valve has the usual membranous structure, consisting of two flaps connected 
with the wan of the ventricle ^ tendons, but the corresponding valve of the 
right side (F.) is a large museum fold, very characteristic of the class. 

The right auricle receives the right and left precavals {r. pr, c.,p. c. v.) and the 
post-caval {p. tc.) ; the left four large pulmonary veins {p. v.). The left ventricle 
(Fig. 412, 1 . vn.), as in the Crocodile, gives origin to the right aortic arch (a. 
ao.), but the right ventricle (r. vn.) gives off only one trunk, the pulmonary 
artery, which soon divides into two {r. p. a., 1 . p. a.). The left ao^c arch is 



PHYLUM CHORDATA 


447 




p,mAi ^ r.p cjnv 


Fjg. 412. — Ckdamba livia. The heart and chief blood-vessels, ventral aspect, a, ao. arch 
of aorta ; «. w. a. anterior mesenteric artery ; a, r. v. afferent renal veins ; a, r. v'. vein bringing 
blood from pelvis into renal portal system : br. a. brachial artery ; br, v, brachial vein ; c. caudal 
artery and vein ; c. c. common carotid artery ; c. m, v, coccygeo-mesenteric vein, displaced to the 
right ; cce. a. coeliac artery ; d. ao. dorsal aorta ; e. c. external carotid artery ; epg, epigastric vein ; 

e. r, V. efferent renal vein ; /. a. femoral artery ; /. v. femoral vein ; h. v. hepatic vein ; i. c. internal 
carotid artery ; i. iU internal iliac artery and vein ; m. internal mammary artery and vein ; 
in. a. innominate artery; t. v. iliac vein; ju, jugular vein; ju\ anastomosis of jugular veins; 
/. a«. left auricle ; /. p. a. left pulmonary artery ; 1. pr. e. left pre-caval vein ; /. vn. left ventricle ; 
pc. left pectoral arteries and veins; pc. a. right pectoral artery; pc. v. right pectorsd vein; 
p. m. a. posterior mesenteric artery ; pi. c. post-caval vein ; ra.^, ra,^, ra.*, renal arteries ; r. au. right 
auricle ; r. p. renal portal vein, on the left side of the figure, supposed to be dissected so as to show 
its passage through the right kidney ; r. p. a. right pulmonary^artery ; r. pr. c. right pre-caval vein ; 

f. V. renal vfeia ; r. vn. right ventricle ; sc. a. sciatic artery ; sc. v. sciatic vein ; sa. a. subclavian 
artery ; vr, vertebral artery and vein. (From Parker's Zootomy.) 
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absent in the adult, and it is tlie right alone which is continued into the dorsal 
aorta. The result of this is that the systemic arteries receive pure arterial 
blood from the left side of the heart, and the only mingling of aerated and 
non-a€rated blood is in the capillaries. This is perhaps the most important 
physiological advance made by Birds over Reptiles. 

The aortic arch curves over the right bronchus to reach the dorsal body-wall, 
and then passes directly backwards as the dorsal aorta (d. ao.). Owing to the 
immense size of the pectoral muscles, the arteries suppl3dng them are of corres- 
ponding dimensions, and the right and left innominate arteries [in. a.), from which 
the carotids (c. c.), subclavians {br. a.), and pectorals {pc. a.) arise, are actually 
larger than the aorta itself beyond their origin. In correspondence with the 
position of the legs, the femorad (/. a.) and sciatic {sc. a.) arteries arise very far 
forward : the caudal artery (c.) is naturally small. 

The most characteristic feature in the disposition of the circulatory organs 
is the almost complete disappearance of the renal portal system. There are two 
renal portal veins {r.p.) formed by the bifurcation of the caudal ; but each, in- 
stead of breaking up into capillaries in the kidney, sends off only a few small 
branches («. r. v.) which apparently carry blood to that organ, the main vein 
passing forwards, through the substance of the kidney, and joining the femora 
vein (/. V.) from the leg to form the iliac vein (». v.), which, uniting with its 
fellow of the opposite side, forms the post-caval {pt. c.). Thus the main part, at 
any rate, of the blood from the caudal and pelvic regions is taken directly to the 
heart, and not through the renal capillaries as in most Fishes and all Amphibians 
and Reptiles. 

At the point of bifurcation of the caudal veins a large coccygeo-mesentcric 
vein (c. m. v.) comes off, and, running parallel with the rectum, from which it 
receives tributaries, joins the portal vein. The abdominal vein of Amphibians 
and Reptiles appears to be represented, in part at least, by the epigastric vein 
(epg.), which returns the blood, not from the ventral body-wall, but from the 
great omentum, a fold of peritoneum, loaded with fat, l3dng ventral to the intes- 
tine and gizzard ; the epigastric discharges into the hepatic vein. 

The red blood-corpuscles are oval and nucleated. The temperature of the 
blood is unusually high — over 38° C. {100° F.). 

Nervous System. — The brain (Fig. 413) completely fills the cranial cavity, 
and is remarkable for its short, broad, rounded form. The medulla oblongata 
(m. 0.) has a well-marked ventral flexure, as in the Lizard. The cerebelhm {cb.) 
is of great size, and has a large median portion and two small lateral lobes or 
flocculi {/.) ; the surface of the middle lobe is marked by grooves passing in- 
wards in a radiating manner and carrying with them the grey matter, the extent 
of which is thus greatly increased. The metaccele (Fig. 414, 0*.) is completely 
hidden by the cerebellum, and the latter is solid, having no efncoele. The 
hemispheres {c. h.) extend backwards to meet the cerebellum, and the optic 
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lobes (o. 1 .) are thereby pressed outwards so as to take up a lateral instead of 
the usual dorsal position : these are of rounded form, and each contains an 
optocoele (Fig. 414, 0. v.) opening from a narrow passage, the iter, which 
represents the original cavity of the mid-brain. A further result of the exten- 
sion of the hemispheres and cerebellum respectively backwards and forwards is 
that no part of the diencephalon {the.) appears externally except on the ventral 
surface ; elsewhere it is seen only when the hemispheres are pressed aside. It 



Fig. 413. — Colamba livia. The brain. A, from above: B, from below; C, from the left 
side. c6, cerebellum ; c. h. cerebral hemispheres ; /. flocculus ; inf. infundibulum ; m. o. medulla 
oblongata ; o. 1. optic lobes ; olf. olfactory bulbs ; o. t. optic tracts ; pn. pineal body ; IJ — XII, 
cerebral nerves ; sp. i, first spinal nerve. (From Parker's Zootomy^ 


contains a narrow vertical cavity, the diacoele (v*.), boimded laterally by the 
optic thalami, and communicating on each side by the foramina of Monro (/. m.) 
with the paracceles or cavities of the hemispheres. The corpora striata (c. s.) are 
of immense size, and form the great mass of the hemispheres ; the dorsal portions 
of the latter, forming the roofs of the paracceles, are very thin. Hippocampi 
are absent. The anterior commissure is, as in lower Vertebrates, the chief 
commissure of the fore-brain. The olfactory btUbs (olf.) are extremely small, 
in correspondence with the poorly developed olfactory organ ; on the other 
hand the optic nerves and tracts are of unusual size. 

The spinal cord (Fig. 408, sp, cd.) presents large brachial and lumbar 
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enlargements from which the nerves of the fore- and hind-limbs respectively 
are given off. In the lumbar enlargement there is a divergence of the dorsal 
columns of the cord converting the central canal into a. wide, diamond-shaped 
cavity, the sinus rhomboidalis (s. rhb.), bounded above only by the membranes 
of the cord. 

Sensory Organs. — The olfactory organs are paired chambers in the base of the 

beak, separated from one another 
by the mesethmoid and bounded 
externally by the ecto-ethmoid. 
The latter is produced inwards 
into three scroll-like processes, 
the turbinals, which greatly in- 
crease the surface of mucous 
membrane. The anterior portion 
of the cavity, including the 
anterior turbinal, is covered by 
laminated epithelium and serves 
as a vestibule ; its posterior 
portion, including the middle and 
posterior turbinals, is invested by 
the one-layered epithelium of the 
Schneiderian membrane to which 
the fibres of the olfactory nerve 
are distributed. 

The eye (Fig. 415) is not even 
approximately globular, but has 
the form of a biconvex lens. 
Sclerotic bony plates {B, scl. pi.) 
are present, and there is a large 
pecten {pet.) in the form of a 
plaited and strongly pigmented 
membrane projecting into the 
cavity of the eye from the 
entrance of the optic nerve. The 
pecten is stated to be of nervous 
character, and is in all probability a sensory organ having some function 
connected with the process of accommodation. 

The auditory organ (Fig. 416) is chiefly distinguished from that of Reptiles 
by the great development of the cochlea {lag.). The anterior canal {SB) is of 
great size, and the whole membranous labyrinth is closely invested by a layer 
of dense ivory-like bone, which can be isolated by cutting away the surroun<^g 
spongy bone, and is then seen to form a sort of model of the contained organ, to 



Fig. 414.' — Columba livia. The brain. A, with 
the cavities opened from above; B, in sagittal 
section, a. c, anterior commissure ; cb, cerebeUum ; 
c. h. cerebral hemispheres ; c, s. co^us striatum ; 
/. #». foramen of Monro ; inf. infundibulum ; m. o, 
medulla oblongata; o. c. optic commissure; o. ch. 
optic chiasma ; o. /. optic lobes ; o//. olfactory bulbs ; 
0, V. optocoele; p. peduncles of cerebellum; p. c. 
posterior commissure ; pn. pineal body ; the. dien- 
cephalon ; V*., diacoele ; metacocle. (From 

Parker's Zootomy.) 
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The eye. j, in sagittal section; B, the entire organ, external 
•’ Ciliary processes ; ir. iris ; 1. lens ; opt. nv. optic nerve • 

pet. pecten , rt. retina , set. sclerotic ; scl. pi. sclerotic plates. (After Vogt and Ynng.) 



which the name bony lahyrinih is applied. The t5mipanic cavity and columella 
have the same arrangement as in the Lizard; the 
narrow Eustachian tubes open by a common aperture 
(Fig. 408, em. ap.) in the roof of the pharynx. 

Urlnogenital Organs.— The kidneys (Figs. 408, kd., 

Figs. 417 and 418, k.) have a very characteristic form. 

Each is a flattened organ divided into three main lobes 
and fitted closely into the hollows of the pelvis. It is 
formed from the metanephros, the large mesonephros 
or WolflSan body, which forms the embryonic kidney, 
undergoing atrophy. The ureters (ur.) are narrow tubes 
passing directly backwards to open into the urodseum 
or middle compartment of the cloaca. 

The testes (Figs. 408 and 417, ts.) are ovoid bodies, 
varying greatly in size according to the season, attached 
by peritoneum to the ventral surfaces of the anterior 
ends of the kidneys From the inner border of each goes 
off a convoluted vas deferens {yd.), which passes back- 
wards, parallel with the ureter, to open into the urodaeum 
on the extremity of a small papilla. The posterior 
end of the spermiduct is slightly enlarged to form a 
vesicula seminalis {v. s.). There is no copulatory 
organ. 

The female organs (Fig. 418) are remarkable for the more or less complete 
atrophy of th^ right ovary and oviduct. The left ovary (ov.) is a large organ in 


Fig. 416. — Coimnba 
livia. The right mem- 
branous labyrinth, out^ 
aspect. FA, ampulla of 
posterior canal ; FB, 
posterior canal; HA, 
ampulla of horizontal 
canal ; IfB, horizontal 
canal ; lag. cochlea or 
lagena ; mr. membrane 
of Reissner; pb, basilar 
part of cochlea; S, sac- 
culus; SA, ampulla of 
anterior canal ; SjB, an- 
terior canal. (FromWie- 
dersheim, after Hasse.) 
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the adult bird, its surface studded with follicles or ovisacs, varying in size from 
about 15 mm. in diameter downwards, and each containing a single ovum. 
The left oviduct ( 1 . od.) is long and convoluted ; its anterior end is enlarged to form 
a wide membranous coelomic funnel (/. od".) into which the ripe ova pass on 
their liberation from the ovisacs ; the rest of the tube has thick muscular walls, 
lined with glandular epithelium, and opens into the urodaeum. A fair-sized 
vestige of the rigAt oviduct (r. od.) is found in connection with the right side of 





Fig. 417. — Col^ta livia. Male 
urinogenital organs, adr, adrenal; 
c/*. urodaeum ; proctodaeum ; 

k, kidney ; ts, testis, that of the right 
side displaced ; ur. ureter ; ur'. 
aperture of ureter ; vd. vas deferens ; 
vd\ its cloacal aperture v. s, vesicula 
seminalis. (FromParker'sZootowy.) 



Fig. 418. — Columba livia. Female 
urinogenital organs in breeding season. 
cl*, urodaeum ; cl*, proctodaeum ; k. kid- 
ney ; 1. od. left oviduct ; 1. od\ its cloacal 
aperture : 1. od'\ its coelomic funnel ; 
1. od'". its coelomic aperture ; ov, ovary ; 
r. od. right oviduct ; r. od'. its cloacal 
aperture; ur. ureter; ur'. its cloacal 
aperture. (From Parker's Zootomy.) 


the cloaca, and a more or less extensive vestige of the right ovary is frequently 
present. 

Internal impregnation takes place. As the ova or " yolks ” pass down the 
oviduct they are invested with the secretions of its various glands ; first with 
layers of albumen or " white,” next with a parchment-like double shell membrane, 
and lastly with a white calcareous sheU. They are laid, two at a time, in a rough 
nest, and are incubated or sat upon by the parents for fourteen days, the tem- 
perature being in this way kept at about 38° to 40® C. (100° to 103® F.). At the 
end of incubation the young bird is sufficiently developed to break the shell and 
begin free life. It is at first covered with fine down, and is fed by the parents 
with a secretion from the crop, the so-called " Pigeon’s milk.” 
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Distinctive Characters and Classification. 

Aves are Craniata in which the epidermal exoskeleton takes the form of 
feathers over the greater part of the body, of a rhamphotheca or homy sheath to 
the beak, and of claws on the digits of the foot and sometimes of the hand. 
In the standing position the body is entirely supported on the hind-limbs, the 
articulations of which are thrown forward. The fore-limbs are modified to 
form wings, usually provided with large feathers for the support of the body 
during flight. The cervical and free thoracic vertebrae are usually heterocoe- 
lous, but may be procoelous or amphicoelous. The sacral vertebrae are fused 
with the lumbar and with more or fewer of the posterior thoracic and anterior 
caudal to form a syn-sacrum for the support of the ilia. The posterior caudal 
vertebrae are usually fused to form a pygostyle around which the tail-quills are 
arranged in a semicircle. The bones of the skull undergo early ankylosis. 
There is a single, rounded, occipital condyle ; the united premaxillae form nearly 
the whole of the upper jaw ; and the lower jaw is composed originally of five 
or six bones in each ramus, and is supported by a freely articulated quadrate. 
The vertebral ribs are double-headed, provided with bony uncinates, and 
articulate with the bony sternal ribs by s3movial joints. The sternum is broad, 
and is typically produced into a longitudinal ventral keel, having a separate 
centre of ossification. The coracoid is usually more or less pillar-like, the 
scapula is sabre-shaped, and the clavicles and interclavicle unite to form a 
furcula. Except in one extinct species the distal carpals and the metacarpals 
are united to form a carpo-metacarpus. There are usually only three digits 
in the wing, which probably represent the first, second, and third of the typical 
hand. The ilium is of great size, having large pre- and post-acetabular portions. 
The acetabulum is perforated in the dry bone. The pubis and ischium are 
directed backwards and, except in one case of each, there is neither pubic nor 
ischiatic symphysis. The head of the femur is at right angles to the shaft. 
The proximal tarsals are fused with the tibia to form a tibio-tarsus ; the fibula 
is much reduced. The distal tarsals are fused with the second, third and fourth 
metatarsals to form a tarso-metatarsus ; the first metatarsal is free. The fifth 
digit of the t5q)ical foot is absent. 

In all tertiary and recent Birds teeth are absent. The gullet is frequently 
dilated into a crop and the stomach is usually divided into proventriculus and 
gizzard. The junction between the large and small intestines is marked by a 
pair of caeca. The lungs are spongy and non-distensible. The bronchi give off 
branches which open on the surface of the lung into thin-walled air-sacs, and 
these in their turn usually communicate with pneumatic cavities in more or 
fewer of the bones. The voice is produced in a syrinx situated at or near the 
junction of the trachea with the bronchi. The heart is four-chambered, the 
right auriculo-ventricular valve is muscular, and the right aortic Arch alone is 
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present in the adult. The renal portal system is vestigial. The red blood- 
corpuscles are oval and nucleated. The temperature of the blood is high 
(about 38“ C.). The optic lobes are displaced laterally owing to the meeting 
of the large cerebral hemispheres and cerebellum. The lumbar region of the 
spinal cord has a sinus rhomboidalis. The olfactory organ is usually poorly 
developed. The eye is usually large, and has sclerotic plates and a pecten. 
The auditory organ has a large curved cochlea. The kidney is three-lobed, and 
is developed from the metanephros, the mesonephros undergoing atrophy. 
There is no urinary bladder. The ovary and oviduct of the right side are more 
or less completely atrophied. 

Birds are all oviparous, and the large ovum, containing much food-yolk, 
becomes invested with albumen, a double shell-membrane, and a calcareous 
shell, in its passage down the dviduct. The embryo has an amnion, an allantois, 
and a large yolk-sac. The newly-hatched young may be either well covered 
with down and able to run or swim and to obtain their own food, in which case 
they are said to be precocious ; or may be more or less naked and dependent for 
a time upon the parents for their food supply, when they are non-precocious. 

There is no general agreement with regard to the classification of Birds. 
Owing to the singular uniformity of the class in essential matters of structure, 
the vast and bewildering diversity in detail, and the puzzling cross-relationships 
between group and group, the splitting up of the class into orders is a matter 
of great difficulty and one upon which hardly two ornithologists are agreed. 
The following scheme will probably answer the present purpose sufficiently 
well.* 

Sub-Class I. — Archseomithes. 

OrdE R. — ARCH.EOPTER YGIFORMES . 

Mesozoic Birds : have no ploughshare bone (pygostyle), but a long tail of 
many vertebrae, having the rectrices arranged in two rows, one on each side of 
it. The carpals and metacarpals are probably free, and the hand has three 
clawed digits. Teeth are present in both jaws. 

Including only two genera each with a single species, Archceopteryx litho- 
graphica (Figs. 426, 427) and Archceornis siemondsi (Fig. 425), known only from 
two specimens found in the Jurassic rocks of Bavaria. 

Sub-Class II. — Neomithes. 

All other Birds in which the greatly shortened tail usually ends in a pygo- 
style, around which the rectrices, when present, are arranged in a semicircle. 
Except in a few extinct forms there are no teeth. The metacarpals are fused 
Muth the distal carpals to form a carpo-metacarpus. Except in one instance, 
not more than two digits of the hand bear claws, and in nearly all cases claws 
are absent in the manus. 

♦ This classification is based on that of Lowe, Wetmore, and others. 
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SUPER-ORDER.— ODONTOGNATHiE 
Order i. — Hesperornithiformes. 

Including Hesperornis (Fig. 419) a large diving and swimming Bird from 
the Cretaceous of North America. The jaws carry sharply pointed teeth. 



Fig. 419. — ^Hespetoniis legalil. The restored skeleton. The posture is too erect. 

(After Marsh.) 


The body was elongated and the sternum lacked a keel. The shoulder-girdle 
was much'reduced, and the Bird was unable to fly. Baptornis from the same 
aged deposits was a smaller but apparently similar form. Enaliornis from the 
Cambridge Greensand was an allied form. 
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Order 2. — ^Ichthyornithiformes. 

This order contains several species found in the Cretaceous of Kansas in 
North America — e.g., Jchthyornis (Fig. 420) and Apatornis. Small pointed 
teeth were present, recurved and set in sockets. The neck vertebrae show an 



Fig. 420. — Icbthyomif Tictor. The testored skeleton. There is some doubt as to the correct- 
ness of this restoration and the jaws may not belong to the skeleton. (After Marsh.) 

unusuad feature for Birds in being biconcave. The sternum has a well developed 
keel and the Birds were strong flyers of tem-like habit. 

SUPER-ORDER.— PAL®OGNATHdS. 

Flightless Neomithes, usually of large size, having no hooked bairbules to 
the feathers, so that the barbs are free. Apteria are usually absent in the 
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adult. The rectrices are absent or irregularly arranged, and the pygostyle is 
small or undeveloped. The sternal keel is vestigial or absent. The coracoid 
and scapula are comparatively small and completely ankylosed; the acro- 
coracoid process is vestigial, and the coraco-scapular angle approaches two right 
angles. The wing is reduced in size and may be vestigial or absent. There 
are large basi-pterygoid processes developed from the basi-sphenoid. The 
vomer is large and broad and separates the palatines. The quadrate articulates 



Fig. 421. — ^Apteryx aostralia, with egg. 

(From a specimen in the Royal College of Surgeons, London.) 


with the skull by a single or partially divided facet. The male has a penis. 
The young are precocious. 

Order i. — Casuariiformes. 

Including the Emus {Dromceus) and Cassowaries {Casuarim), 

Order 2. — ^Apterygiformes. 

Including only the Kiwis (^Apteryx, Figs. 421, 422). 
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Order 3. — Dinornithiformes. 
Including the Moas {DinornithidcB, Fig. 423). 

Order 4. — Rheiformes, 
Including the South American Ostriches {Rhea). 



Fig. 422. — Apteryx anetralif. Skeleton. 

(From a specimen in the Briti^ Museum, Natural History.) 

Order 5. — Strvthioniformes. 

Including the true Ostriches (Struthio). 

Order 6. — ^iEpyornithiformes. 

Including only the post-pliocene Madagascan genera Mpyornis and 
MwUeromis. 
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Order 7. — ^Tinamiformes. 

Including a single family, the Tinamous of South America and South 
Mexico. 



Fig. 423.>~^Skeleton of BiiUMmis rdbllfilli» one of the Moas : actual height 9 ft. 6 in 
(From a specimen at the Koy^ College of Surgeons, London.) 
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SUPER-ORDER.— NEOGNATHiE 

Neomithes in which the sternum has a keel, the coracoid and scapula are 
not ankylosed, and usually the furcula and acrocoracoid are well developed 
and the coraco-scapular angle is less than a right angle. There is a pygostyle 
around which the rectrices or tail-feathers are arranged. The quadrate artiT 
culates with the skull by two facets. The vomer is smaller than in the 



Fig. 424.— EndyptM antipodnin. (After BuUer.) 

Palaeognathae, and the palatines converge together behind it and are movably 
attached to it by a cup-and-ball joint. The barbs of the feathers are provided 
with booklets. 

The classification of the Neomithes, which include the great majority 
of living Birds, is into twenty-three orders, as follows : — 

Sphenisciformes (Impennes). 

Including the Penguins {Aptenodytes, Euiyptes) (Fig. 424, etc:). 
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Col3mibifonnes (Pygopodes). 

Including the Divers (Colymbus). 

Podidpiformes. 

Including the Grebes (Podicipes). 

Procellariiformes (Turbinares), 

Including the Petrels (Procellaria) , Shearwaters {Puffinus), Fulmars 
(Fultnarm), Storm Petrels (Oceanites), Albatross {Diomedia), etc. 

Pelicaniformes (Steganopodes). 

Including the Boatswain Bird {Phaethon), Gannets {Sula), Cormorants 
or Shags {Phalacrocorax) , Frigate Bird {Fregata), and the Pelicans {Pele- 
canus). 

Ciconiiformes (Herodines). 

Including the Herons {Ardea), Storks {Ciconia, etc.). Ibises {Ibis), 
Spoonbills {Platalea), Whale-headed Stork {Balaeniceps), and Flamingoes 
{Phonicopterus). 

Anseriformes (Anseres). 

Including the Ducks {Anas), Geese {Anser), Swans {Cygntts), Mergansers 
{Mergus). 

Falconiformes (Accipitres). 

Including the diurnal Birds of Prey, such as the Eagles {Aquila), Falcons 
{Falco), Vultures {Vultur, etc.). Secretary Bird {Sagittarius), and the 
American Vultures or Turkey-Buzzards {Cathartes). 

Galliformes (Gallinae). 

Including the Fowls {Gallus), Pheasants {Phasianus), Grouse {Tetrao), 
and other Game Birds. Curassows {Crax), Megapodes {Megapodius), 
Peacock {Pavo), Guinea-fowl {Numida), Turkeys {Meleagris), Hoatzin 
{Opisthocomus*), etc. 

Diatr3uniformes. 

An extinct order containing several species from the Eocene of North 
America. Diatryma steini was a gigantic Bird standing seven feet high, 
with reduced wings and incapable of flight. 

Ralliformes. 

Including the Rails {Rallidts), the flightless Giant Rail {Aptomis), the 
Finfoots {Hdiornithida). 

Telmatomorphormes. 

Including the Sub-order Gixue, ? the Screamers {Caritnidce), Cranes 
{Gruida), Kagu {Rhinochetidee), Sunbittems {Eurypygidee) , Bustards 
{Otidce), Lily Trotters {Jacanidat), etc. The Sub-order Limicolae with 
the Painted Snipe {Rosiratulidcs), Waders {Charadriida), and Snipe' 
{Scolopaddes), and the Sub-order Laro-Limicolae with See<^pe {Thino- 
corythida), Chionis {Chimidts), GuUs and Terns {Larida), Auks {Alcida). 

^ • The position of this bird is doubtful. It may be a primitive game bird. 
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Columbiformes (Columbae). 

Including the Pigeons and Doves {Columba, Turtur, etc.). Crowned 
Pigeons {Goura), Sand Grouse (Pteroclidee), the extinct Dodo and Solitaire 
{Raphus and Pezophaps), Hernipodes {Turnicidai), etc. 

Cuculiformes. 

An order of Birds including the Cuckoos {Cmulidai), and ? Plantain Eaters 
(Musophagida:) . 

Psatticiformes (Psittaci). 

Including the Parrots {Psittacus), Parrakeets [Platycercus), Cockatoos 
{Cacatua), Lories {Lorius), and Macaws {Ara). 

Strigiformes (Striges). 

Including the Owls {Strigida). 

Caprimulgiformes. 

Including the Night-jars {Caprimulgi). 

Coliiformes. 

Including the Colies {ColiidcB), a small order found only in Africa. 

Trogoniformes. 

Including only the single family of Trogons [Trogonidce). 

Coraciiformes. 

Including the Kingfishers {Alcedinidie), Motmots {Momotida), Bee-eaters 
{Meropida), Rollers {Coraciidte), Hoopoes {Jjpupidat), and ? Hombills 
{Bucerotidee). 

Piciformes. 

Including the Woodpeckers {Picidce) and Toucans (Rhamphastida) , 
Barbets {CepitonidcB). 

Passeriformes. 

A very large order of birds including about half the known species — 
e.g., Swifts {Micropodidat) , Humming Birds {TrochUidce), BroadbiUs 
{Eurylcemidm) , "Lyre birds {Menuridce), Swallows (Hirudintda), Thrushes 
(Turdidee, etc.), Warblers {Sylviida), Sparrows {Passer), Finches {Frin- 
gillidce), etc., etc. 


Systematic Position of the Example. 

The numerous species of Columba belongs to the family Columbidte, of the 
order Columbiformes. 

The following are the chief characters of the Columbae ; there are eleven 
primary remiges, the first yery small ; the skull is schizognathous (see p. 472) ; 
the oil-gland has no tuft of feathers ; the vomer is vestigial ; there is a large 
crop ; the caeca are vestigial ; and the young are non-precodous. 

Of the two families of Columbae the Columbidee, or Doves and Pigeons, are 
distinguished from the Raphidce, including the Dodo amd Solitaure, by the power 
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of flight and the accompanying typical carinate characters of the sternum and 
shoulder-girdle. 

In Columba there are twelve retrices ; the second primary remex is longer 
than the sixth, and the proximal portion of the tarso-metatarsus is feathered. 

General Organisation. 

In respect of range of structural variations, the entire class of Birds is 
hardly the equivalent of a single order of Reptiles. Among existing Birds, the 
Emu and the Raven, which may be said to stand at opposite ends of the series, 
present nothing like the anatomical differences to be found between a common 
Lizard and a Chamaeleon, or between a Turtle and a Tortoise. Hence in dividing 
the class into orders we find none of those striking distinctive characters which 
separate the orders of Fishes, Amphibia, and Reptiles, but have to be content 
with characters which in other groups would be considered insignificant, such as 
details in the structure of the skull and sternum, in the arrangement of the 
muscles of the wing and leg, in the form of the foot, and in the peculiarities of 
the newly-hatched young. It is for this reason that in the preceding classifica- 
tion no diagnoses of the orders are given : to define them adequately would 
involve a degree of anatomical detail quite beyond the scope of the present work. 

The differences between the two avian sub-classes, the Archaeomithes and 
the Neomithes, are, however, of a far more fundamental nature ; and as 
Archaeopteryx and Archaeornis, sole representatives of the first of these groups, 
and perhaps the best examples of an undoubted link between two classes — 
Reptiles and Birds — ^it will be convenient to deal with them separately. 

Sub'Class I. — Arehaeornithes. 

Only two specimens of this sub-class which are placed in two genera, i.e., 
ArchcBOpteryx Uihographica (in the British Museum) and Archceornis siemensi 
(in the Berlin Museum), have hitherto been found, both in the finely-grained 
lithographic limestone of Solenhofen, Bavaria, belonging to the Jurassic period. 
The Birds (Fig. 425) were about the size of a Crow, and in the fossils not only 
are the bones preserved, but also many of the feathers. 

The most striking feature in the organisation of this Bird is the fact that the 
tail is composed of about 18-20 free caudal vertebrae gradually tapering to the 
distal end as in a Lizard. The rectrices are arranged in two rows, one on each 
side of the caudal vertebrae, forming a long tail quite unlike that of any existing 
Bird. The centra probably had biconcave faces. In addition to cervical and 
thoracic ribs (which were apparently devoid of uncinates) there were abdominal 
ribs, like those of Sphenodon and Crocodiles. 

■The skull (Fig. 426) is proportionately large, with rounded brain-^ase and 
strong jaws, in each of which is a series of conical teeth lodged insockets. There 
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is no trace of sternum in either specimen, and the coracoids (co.) are only 
partially visible : the scapulae (sc.) are slender, curved bones, and there is a 
U-shaped furcula {cl.). 

The bones of the upper and fore-arm are of the normal avian character : 



Fig. 425. — Arotoomis siemensi From the 
Berlin specimen, c. carpal ; cl. furcula ; co. 
coracoid; h. humerus; r. radius; sc. scapula; 
u, ulna; I — IV, digits. 


only one carpal is certainly knovm 
(Fig. 427, c.) : it apparently 
belongs to the distal row, and is 
closely applied to the first and 
second metacarpals. Three digits 
{d. I, 2, 3) are clearly visible in 
one of the specimens — that in the 
Berlin Museum — the metacarpals 
are usually stated to be all 
free, in which case there is no 
carpo-metacarpus as in other 
Birds, and the hand approaches 
the normal reptilian t3rpe. The 
number of phalanges follows the 
usual reptilian rule, two in the 
first digit, three in the second, 
-and four in the third, and the 
ungual phalanx of all three digits 
is claw-shaped and doubtless 
supported a horny claw. 

The retniges, like the rectrices, 
are in a wonderful state of preser- 
vation (Fig. 425), and are divisible, 
as usual, into primaries or meta- 
carpo-digitals, and secondaries or 
cubitals. The primaries were prob- 
ably attached to the second or 
to the second and third of the 
digits just described. 

The pelvis and the hind-limb 
have the usual avian character. 
The tibia and fibula are separate. 
The foot consists of a slender 


tarso-metatarsus and four digits, the hallux being small and directed 


backwards. 


In addition to the wing and tail-quills already referred to, there are remains of 
contour feathers at the base of the neck and of wing-covwts. Moreover the 


rectrices are continued forwards by a series of large feathers which extend for 
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some distance along the sides of the body, and a row of similar but smaller 
feathers is attached along both anterior and posterior faces of the tibio-tarsus. 

Sub-Class II. — ^Neomithes. 

External Charaeters. — In the general build of the body the Neomithes differ 
from Archaeopteryx chiefly in the shorter and stouter trunk, and in the pcunt of 



Fig. 426. — ArchBBOpteryz lithographica. The skull, showing teeth and sclerotic plates. 
(From Headley, after Dames.) 


articulation of the hind-limbs being thrown forward, so as to be almost directly 
below the centre of gravity of the body : the animal is thus enabled without 
effort to support itself on the legs alone. In a word Birds are essentially 
bipedal, the only exception being the young of the Hoatzin {Opisthocomus)^ 
which uses its wings in climbing. 



Fig. 427. — Aictoopteryz lithographica. The left manus. c. carpal ; d i, first digit ; 2, second 

digit; 3, third digit; w, w. metacarpals; r. radius; u. ulna. (From Headley, after Dames.) 


The neck is always well developed, and is often, as in the Swan and 
Flamingo, of immense proportional length. The cranial portion of the head 
is usually not large, but the beak may attain extraordinary dimensions, and 
exhibits a wide range of form. It may be extremely short and wide for catch- 
ing Moths and other flying Insects, as in Swifts and N^htjars ; short and 
conical for eating seed, as in Finches ; strongly hooked for tearing the bodies 
of . animals, as in Birds of Prey, or for rending fruits of various kinds, as in 
VOL. u. 2H 
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Parrots ; long, conical, and of great strength, as in Storks ; slender and elon- 
gated, as in Ibises and Curlews ; broad and flattened for feeding in mud, 
as in Ducks and Geese ; expanded at the end, as in Spoonbills ; immensely 
enlarged, as in Hombills and Toucans. It is most commonly bent downwards 
at the tip, but may be straight or curved upwards, as in the Avocet, or bent to 
one side, as in the New Zealand Wry-billed Plover. It is sometimes, as in the 
Toucans, brilliantly coloured, and there may also be bright coloration of the 
cere as in the Macaws, and of naked spaces on the head, as in the Cassowaries. 
In the latter the head is produced into a great homy prominence or " casque,” 
supported by an elevation of the roof of the skull. The cere is frequently 
absent. The nostrils are placed at the base of the beak, except in Apteryx, 
in which they are at the tip. 



Fig. 428. — A, Wing of nestling of Opisthocomus ; B, Wing of adult Apteryx; both from 
the inner (ventral) aspect, cb, i, &st cubital remex ; dg, i, dg. 2, dg. 3, digits ; pr. ptgm. pre- 
patagium ; pt, ptgm, post-patagium. {A, after Pycraft ; B, after T. J. Parker.) 


The essential structure of the wing — apart from its feathers — ^is very uni- 
form. As a rule all three digits are devoid of claws, as in the Pigeon, but the 
Ostrich has claws on all three digits ; Rhea on the first and sometimes on the 
second and third ; the Cassowary, Emu, and Kiwi (Fig. 428, B) on the second ; 
the Crested Screamer {Chauna) and two other species, and, as a rare abnor- 
mality, the Common Fowl and Goose, on the first. With these exceptions the 
hand of the adult bird has lost all the characters of a fore-foot ; but in the young 
of the Hoatzin {Opisthocomus) claws are present on the first two digits (Fig. 
428, A), which are sufficiently mobile to be used in climbing. Besides the true 
claws homy spurs are sometimes present on the carpo-metacarpus. 

There is almost every gradation in the proportional length of the hind-limb, 
from Birds in which nothing but the foot projects beyond the contour feathers, 
and even the toes may be feathered, to the long-legged Storks and Cranes, in 
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which the distal part of the tibio-tarsus is covered with scales as well as the foot. 
In aquatic forms a fold of skin or web is stretched between the toes, sometimes 
including all four digits, as in the Cormorants ; sometimes leaving the haUux 
free, sometimes forming a separate fringe to each digit, as in the Coots and Grebe. 
As to the toes themselves, the commonest arrangement is for the hallux to be 
directed backwards, and Nos. 2, 3, and 4 forwards, but in the Owls No. 4 is 
reversible, i.e., can be turned in either direction, and in the Parrots, Wood- 
pecker, etc., it, as well as the hallux, is permanently turned backwards. In the 



Fig. 429. — A, pterylosis of Osrpaetus (Bearded Vulture); B, of Ardea (Heron), al, pL 
wing*tract ; c. pL head-tract ; cd. pt, caudal tract ; cr. pt, crural tract ; cv. apt. cervical space ; 
hu. pt. humeral tract; lai, apt. lateral space; p. d, p., p. d. p\, powder-down patches; sp. pt. 
spinal tract ; v. apt. ventral space ; v. pt. ventral tract. 


Swifts, on the other hand, all four toes turn forwards. The hallux is frequently 
vestigial or absent, and in the Ostrich No. 4 has also atrophied, producing the 
characteristic two-toed foot of that bird. 

Pterylosis. — ^With the exception of the Penguins, most Carinatae have the 
feathers arranged in distinct feather-tracts or pterylae, separated by apteria 
or featherless spaces. These are commonly much more distinct than in the 
Pigeon, and their form and arrangement are of importance in classification 
(Fig. 489). In the Ratitae apteria are usually found only in the young, the 
adult having a uniform covering of feathers. The Ratitae, also, have nothing 
more than the merest trace of booklets on the barbules, so that the barbs do 
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not interlock and the vanes of the feathers are downy or hair-like. In the 
Penguins the wing-feathers are degenerate. 

Many Birds are quite naked when hatched, but in 

1 I|| most cases the body is more or less completely covered 

III by a temporary crop of feathers, the nesUing-downs, of 

Wj various forms, but always having a short axis, soft loose 

I Wji barbs, devoid of interlocking apparatus, and, except in 

I Wj. the Emu, having no after-shaft (vide p. 428). They are 

i ® succeeded, as already described, by the permanent feathers. 

I ^ j| Many Birds, such as the Swan, possess down-feathers or 

I \ hh plnmtdis throughout life, interspersed among and hidden 

!/. by the contour feathers or fennce. In the Heron and 

1 1 ® ^ some other Carinatae are found powder-down patches (Fig. 

I i ^ S downs, the ends of 

hm ^ ^ which break off and make a fine dust. Semi-plumes are 

§ ^ ^ P downs with a well-developed axis ; filopiumes, as we have 

seen (Fig. 305, B), have an elongated axis and vestigial 
1 m vexillum. 

mainy Birds there springs from the under side of 
the quill, near the superior umbiHcus, a second vane, the 
after-shaft (Fig. 430), usually smaller than the main shaft, 
but sometimes of equal size. Both among Carinatae and 
Ratitae we find genera with double-shafted feathers and 
allied forms in which the after-shaft is rudimenatry or 

The feathers are always shed or “ moulted ” at regular 
intervals, as a rule annually. The old feathers drop out 
and new ones are formed from 'the same pulps. 

The colours of feathers present great variety. Black, 
brown, red, orange, and yellow colours are due to the 
presence of definite pigments, i.e., are absorption colours. 
White, and in some cases yellow, are produced by the 
T total reflection of light from the spongy air-containing 

Fig. 430.— Fea- substance of the feather, there being, as in nearly all other 

(Cassowwy).®?h^“ natural objects, no such thing as a white pigment. Blue, 
aftershaft and dis- violet, and in some cases green are produced by the light 
CFrom *^adiey.)’“'’*' ^ 0 “ ^ brown pigment becoming broken up as it passes 
through the superficial layer of the feathers in its passage 
to the eye : no blue or violet pigments occur in feathers, and green pigments 
are very rare. The beautiful metallic tints of many birds are entirely the 
result of structure, owing their existence to a. thin, transparent, superficial 
layer, which acts as a prism : in such feathers the colour changes according to 
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the relative position of the bird and of the eye of the observer with regard 
to the source of light. 

There is also infinite variety in the general coloration of Birds. In many 
the colouring is distinctly concealing, harmonising with the environment, and 
even changing with the latter — as in the Ptarmigan, which is greyish-brown in 
summer, white in winter, the former hue helping to conceal the bird among 
herbage, the latter on snow. Frequently, as in Pheasants and Birds of Para- 
dise, the female alone is protectively coloured, while the male presents the 
most varied and brilliant tints, enhanced by crests, plumes or tufts of 
feathers on the wings, elongated tail, lappets of skin, etc. These have been 
variously explained as “ courtship colours ” for attracting the female ; as due 
simply to the exuberant vitality of the male bird ; or as helping to keep the 
number of males within proper limits by rendering them conspicuous to their 
enemies. Such ornaments as the bars and spots on the wings and tail of many 
gregarious Birds, such as Plovers, fully exposed only during flight, and often 
widely different in closely allied species, have been explained as " recognition 
marks,” serving to enable stragglers to distinguish between a flock of their own 
and of some other species. 

Skeleton. — ^The vast majority of birds have saddle-shaped or heteroccelous 
cervical and thoracic vertebrae, but the thoracic vertebrae are opisthoccelous in 
the Impennes (Penguins), the Gaviae (Gulls), and the Limicolae (Plovers, etc.), 
while in the Ichthyomithes alone they are biconcave. The spaces between 
adjacent centra are traversed by a meniscus with a suspensory ligament, as in 
the Pigeon (p. 432). The number of vertebrae is very variable, especially in the 
cervical region, where it rises to twenty-five in the Swan and sinks to nine in 
some Song-birds. There is very commonly more or less fusion of the thoracic 
vertebrae, and the formation of a syn-sacrum by the concrescence of the pos- 
terior thoracic, lumbar, sacral, and anterior caudal vertebrae is universal. The 
posterior cervical and anterior thoracic vertebrae commonly bear strong hypa- 
pophyses or inferior processes for the origin of the great flexor muscles of the 
neck. The number of true sacral vertebrae vairies from one to five. A pygo- 
style, formed by the fusion of more or fewer of the caudal vertebrae, is of general 
occurrence, but is small and insignificant or absent in the Ratitae. 

The ribs aure always double-headed, the sternal ribs are ossified, not merely ' 
calcified, amd are united with the vertebral ribs by sjmovial joints. Ossified 
uncinates are nearly always present, and usually become ankylosed to the 
vertebral ribs. 

What may be considered as the normal type of sternum is a broad plate, 
concave dorsally from side to side, and produced ventradly into an antero- 
posterior keel which is ossified from a distinct centre (Fig. 431, A, os. i). The 
posterior edge of the bone is either entire (D), or presents on each side of the 
keel one or two more or less deep notches {A, B) or foramina (C). In the 
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Ratitse (E) the keel is either absent or reduced to the merest vestige, and there 
is no trace of the carinal ossification in the young. External to the coracoid 
grooves the anterior edge of the sternum is produced into larger or smaller 
antero-lateral processes {ant. lat. pr .) ; in the Emu these are of great size and 
are closely applied to the pericardium. 

It was upon the characters of the raft-like sternum that the group Ratitae 
was founded, but the difference between them and the Carinatae in this respect 


tintlttl.pr 





Fig. 431. — Sterna of various Birds. A, Oallus (common Fowl, young) ; B, Turdus (Thrush) ; 
C, Voltur (Vulture) ; B, Procellaria (Petrel) ; E, Casoarios (Cassowary), ant, lat, pr, anterior 
lateral process ; car, carina ; cl, clavicle ; cor. coracoid ; fon. fontanelle ; fur, furcula ; obi, lat, pr. 
oblique lateral process ; os. paired ossification of sternum in E] os. x, carinal ossification in A ; 
os. 2, os. lateral ossifications ; post. med. pr. posterior median process ; post. lat. pr. posterior 
lateral process ; pr. cor. pro-coracoid ; scp. scapula ; sp. spina sterni. (A and E, after W. K. 
Parker ; B, C, and B, from Bronn's Thierreich.) 

is not absolute, the ratite condition having been acquired by many Carinatae 
which have lost the power of flight. The keel is very small in Ocydrotnus, 
Notornis, and Apiornis, three flightless Rails — the last extinct — from New 
Zealand, and is practically absent in the Dodo {Raphus) and Solitaire {Pezo- 
phaps), two gigantic extinct Pigeons from Mauritius and Rodriguez ; in the 
Kakapo or Ground-parrot {Stringops) of New Zealand ; in the extinct Giant- 
Goose {Cnemiornis) from the same country ; and in Hesperomis. The absence 
of the Carina may therefore be considered as an adaptive modification of no 
significance as indicating affinity. 



PHYLUM CHORDATA 


471 


Theentire order of Penguins {Impennes) and the extinct Great Auk {Penguinus 
impennis) are also flightless, but their wings, instead of being functionless, are 
modified into powerful swimming paddles (Fig. 432). There has therefore, 
in these cases, been no reduction either of the pectoral muscles or of the carina. 

The skull of Birds is generally remarkable for its huge orbits separated by a 
thin inter-orbital septum, and for the comparatively small size of the ethmoid 
bone and its turbinals. The most striking exception is afforded by the Kiwi 



Fig. 432. — ^Eudyptes pachyrhynchus (Penguin). Skeleton. 
(From a photograph by A. Hamilton.) 


{Apteryx), in which the orbits (Fig. 433) are small and indistinct, while the 
olfactory chambers {Ec. Eth.) extend backwards between the eyes ; the orbits 
being therefore separated from one another by the whole width of the organ of 
smell. The same thing occurs, to a less degree, in the Moas. 

In its essential features the skull is remarkably uniform throughout the 
class. The rounded form of the brain-case, more or less concealed externally 
by ridges for the attachment of muscles ; the upper beak, composed mainly 
of great tri-radiate pre-maxilUe ; the single, small, rounded occipital condyle ; 
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the slender maxillo-jugal arch ; the large parasphenoidal rostrum ; the freely 
articulated quadrate, with its otic, orbital, and articular processes ; the absence 
of the reptilian post-frontals ; and the early ankylosis of the bones — aU these 
characters are universal among birds. There are, however, endless differences 
in detail , some of which, connected with the bones of the palate, are of 
importance in classification. 

In the Ratitae and the Tinamous {Crypturi) there are large basi-pterygoid 
processes (Fig. 434, B.ptg. pr.) springing, as in Lizards, from the basi-sphenoid, 
and articulating with the pterygoids near their posterior ends. The vomer 
{Vo.) is large and broad, and is usually connected posteriorly with the palatines 
{Pal.), which do not articulate with the rostrum. The maxillo-palatine pro- 



433. — ^Aptwyz Skull of a young specimen, side view. The cartilaginous 

parts are dotted. ^1. 5pk. alisphenoid ; angular; Cn.i, c«. 2, condyle of quadrate ; Dent. 
dentary ; d. pr. d. pr. descending processes of nasal and frontal ; Ec. Eth. ectoethmoid ; Ex. col. 
extra-columella ; Ex. Oc. ex-occipital ; Fr. frontal ; /«. jugal ; Lac. lacrymal ; lac. for. lacrymal 
foramen; Na. nasal; na. op. nasal aperture; Nv. II, III, IV, optic foramen, transmitting 
also the 3rd and 4th nerves ; Nv. V', foramen for orbito-nasal nerve ; Nv, VII', for facial ; Pa. 
parietal ; Pal. palatine ; pa. oc. pr. par-occipital process ; P, tnx. pre-maxilla ; Pr. ot. pro-otic ; 
Qu.Ju. quadratojugal ; Qu. {orb. pr.) orbital process of quadrate; S. Orb. F. supra-orbital 
foramen ; Sq. squamosal. (After T. J. Parker.) 

cesses are comparatively small, and do not unite with one another or with the 
vomer. This arrangement of the bones of the palate is called drotneeognathous. 

In many Carinatse, e.g., the Kgeon and the Fowl, the basi-pterygoid pro- 
cesses are either absent or spring from the base of the rostrum. The vomer is 
small and pointed, or may be absent, and the palatines articulate posteriorly 
with the rostrum. The maxillo-palatines do not unite with one another. These 
peculiarities characterise the schizognathous arrangement. In the Passeres a 
similar arrangement obtains, but the vomer is broad and truncated instead of 
pointed in front. This gives the cegUhognathous arrangement. Lastly in the 
Storks, Birds of Prey, Ducks, and Geese, etc., the maxillo-palatines (Fig. 435, 
tnx. p.) fuse with one another in the middle line, often giving rise to a flat,, 
spongy palate and producing the desmogtuiihom arrangement. 

The most specialised form of skull is found in the Parrots (Fig. 436)i In 
nrany Birds the nasals and the ascending process of the premaxiUae are very 
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Fig. 434 . — Apteryx mantelli. Skull of 
young specimen^ from below. The car- 
tilaginous parts are dotted. B, Oc. basi- 
occipital ; B, ptg, pr, basi-pterygoid 
process; B. Tmp, basi-temporal ; Ec, 
Eth, ecto-ethmoid ; Eus, T. Eustachian 
tube; Ex, Col. extra-columella; Ex, Oc. 
ex-occipital ; Int, Car. carotid foramen ; 
Mx. maxilla; Nv. VII', foramen for 
facial; Nv. IX, X, for glossopharyngeal 
and vagus; Nv. XII, for hypoglossal; 
Oc. Cn. occipital condyle ; Oc, For, 
foramen magnum ; Pal. palatine ; pa. oc. 
pr. par-occipital process; P, mx. pre- 
maxula; Ptg. pterygoid; Qu. {orb. pr.) 
orbital process of quadrate ; Qu. {ot. pr.) 
otic process ; Post, rostrum ; 5. Oc. 

supra-occipital ; S. Orb. F. supra-orbital 
foramen; Sq. squamosal; Vo. vomer. 
(After T. J. Parker.) 


Fig. 435.— Anas boschas (Duck). 
Ventral view of Skull, a. p. f. 
anterior palatine foramen; b. o. 
basi-occipital ; b. pg. basi-pterygoid. 
rocess ; b. s. basi-sphenoid ; h. t. 
asi-temporal ; e. o. ex-occipital ; 
eu. aperture of Eustachian tube ; 
f. m. foramen magnum ; i. c. internal 
carotid foramen; j. jugal; mx. 
maxilla ; mx. p. maxillo-palatine 
process; oc. c. occipital condyle; 
pi. palatine ; p. n. posterior ^ares ; 
px. premaxilla; q. quadrate; qj. 
quadratojugal ; v. vomer; IX, X, 
foramen for ninth and tenth nerves ; 
XII, for twelfth nerve. (From 
Wiedersheim's Vertebrata.) 


thin and elastic where they join the skull, and there is an unossified space in 
the mesethmoid, so that the upper beak is capable of a considerable amount of 
movement in the vertical plane. In.Parrots there is a true joint between the 
upper beak afld the skull, allowing of that movement of the former which is so 



474 


ZOOLOGY 


striking in the living Bird. When the mandible is depressed, tlie contraction 
of the digastric muscle causes a forward movement of the lower end of the 
quadrate, which pushes forwards the maxillo-jugal bar and the palatines and 
pterygoids, the latter sliding upon the rostrum. Both the maxillae and the 
palatines are articulated in front with the premaxilla, and together push it 
upwards ; in this way depression of the lower produces an automatic raising of 
the upper jaw. The great size and strength of both premaxilla and mandible 
are remarkable, as also is the fact that the orbit is completely surrounded by 
bone, a backward process of the lacrymal being joined beneath it by a forward 
process of the frontal. 

The mandible contains in the young bird the six bones on each side charac- 
teristic of reptiles ; the coronary is, however, often absent. As a rule the 
head of the quadrate articulates with the roof of the tympanic cavity by a single 

facet in Ratitae, by a double facet 
in Carinatae. The hyoid always 
agrees in essential respects with 
that of the Pigeon ; in the Wood- 
pecker the posterior cornua are 
curved round the head and 
attached to the skull in the 
neighbourhood of the right 
nostril, a very flexible and pro- 
trusible tongue being produced. 

The structure of the shoulder- 
girdle furnishes one of the most 

Fig. 436. — Skull of Aia (Macaw). (From a fundamental distinctive char- 

photograph by A. Hamilton.) acters between Ratitae and Cari- 

natae, but, as with the sternum, 
the differences are adaptive and not of phylogenetic significance. In most 
Carinatae both coracoid and scapula aire large and united with one another by 
ligament ; the coracoid has an acrocoracoid and the scapula an acromion 
process ; the coraco-scapular angle is acute ; and there is a furcula. In the 
Ratitae the coracoid (Fig. 437, cor.) and scapula (scp.) are much reduced in 
proportional size and are ankylosed with one another ; the acrocoracoid {acr. 
cor) and acromion {acr.) processes are reduced or absent ; the coraco-scapular 
angle approaches two right angles ; and there is no furcula, although separate 
vestiges of clavicles are present in the Emu and Cassowary. In some of the 
Moas {Pachyornis, etc.) the shoulder-girdle is wholly absent. But, as -in the 
case of the sternum, the distinction is not absolute. In Hesperomis, the Dodo, 
the Solitaire, Aptomis, Notomis, Ocydromus, and Cnemiomis the bones of the 
shoulder-girdle are proportionally small, the coraco-scapular angle exceeds 90“ 
and in some cases, such as certain Parrakeets and Owls, the furcula is feeble, 
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or represented by paired vestiges, or absent. Curiously enougli, considering 
that increase in the coraco-scapular angle is usually correlated with diminished 
powers of flight, it also slightly excedes 90"* in the Albatross and some of its 
allies. 

In most adult Birds the procoracoid is reduced to a process on the dorsal 
end of the coracoid, but in the Ostrich and in the embryo of Apteryx it is well 
developed and separated by a fenestra from the coracoid. A small bone, the 
accessory scapula, is sometimes found on the outer side of the shoulder-joint. 

The variations in the structure of the wing are mostly matters of proportion, 
but a remarkable flattening of all the bones is very characteristic of Penguins 



Fig. 437, — Apteryx mantelli. 

The left shoulder-girdle. A, an- 
terior ; B, lateral (outer) surface. 
acr. acromion ; acr. cor. acrocora- 
coid ; cor. coracoid ; gl. glenoid 
cavity; pr. cor. Ig. procoracoid, 
reduced to a ligament ; scp. 
scapula. (After T. J. Parker.) 



Fig. 438. — Sterna wilsoni 

(Tern). Fore-limb of embryo. 
dg. I — 4. digits : hu. humerus ; 
ra. radius ; ul. ulna. (After 
Leighton.) 


(Fig. 432), which are further distinguished by the presence of a sesamoid bone, 
the patella ulnaris, taking the place of the olecranon process. In the Emu and 
Kiwi the first and third digits of the normal wing have atrophied during develop- 
ment, the middle one alone remaining. In the Moas (Fig. 423) no trace of a 
wing has been found, and in one species only is there even a trace of the glenoid 
cavity. In the embryos of several Birds an additional digit has been found on 
the ulnar or post-axial side (Fig. 438, dg. 4) : this brings the total number of 
digits up to four, the fifth of the pentadactyle hand alone being unrepresented. 

The simplest type of pelvic girdle is found in Apteryx (Fig. 439) and the 
Tinamous, in which both pubis and ischium are free along their whole length, 
as in Dinosaurs. In the Emu and Cassowary the pubis and ischium unite by 
cartilage or bone at their posterior end with the ilium, and in most Birds the 
union between the two last is extensive, the deep ischiatic notch being replaced 
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by a small foramen. In the embryonic condition (Fig. 440) the ilium has a 
very small pre-acetabular portion, the pubis and ischium are nearly vertical, 
and there is a distinct pectineal process lj>p ) — ^retained in Apteryx (Fig. 439, 
P ) — the whole pubis being singularly like that of a Dinosaur. In the Ostrich 
alone the pubes unite in the middle ventral line to form a symphysis : Rhea 
presents the unique peculiarity of a dorsal symphysis of the ischia, just below 
the vertebral column : in the Emu the posterior end of the pubis gives off a 
slender process, which extends forwards close to the ventral edge of that bone 
and probably represents the epi-pubis of reptiles. 

The bones of the hind-limh are very uniform throughout the class, but the 
form of the tarso-metatarsus of Penguins is worthy of notice. It is short and 



Fig. 439. — Apteryx australis. Left innominate, a, acetabulum ; il. ilium ; is, iscbium ; 
p, pectineal process ; p^, pubis. (From Wiedersheim, after Marsh.) 


wide, its three constituent metatarsals, though fused, are clearly distinguishable 
throughout their whole length, and the resemblance to the homologous part in 
Iguanodon is very striking. In the embryo (Fig. 441) a vestige of the fifth 
digit {mt. tsl. 5) has been found in the form of a small rod of cartilage on the 
post-axial or fibular side. One or two free centralia may occur in the mesotarsal 
joint. 

The skeleton is always more or less pneumatic, but there is no definite 
relation between pneumaticity and power of flight. A very usual arrangement 
is for all the bones to contain air except those of the fore-arm and hand, shank 
and foot. But in Apteiyx, Penguins, and some Song-birds the skull alone is 
pneumatic, while in the Hombill every bone in the body contains air. 

Myology. — As might be inferred from a study of the skeleton, the muscles 
of flight undergo a great reduction, often amounting to complete atrojdiy, 
in the Ratitae ; and to a less degree in the flightless Carinatse. The presence or 
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absence of an ambiens and of certain other muscles in the leg and in the wing 
furnish characters of considerable classifi- 


catory importance. 

Digestive Organs. — In all existing Neor- 
nithes the jaws are covered by a homy beak 
and there are no teeth. But that teeth were 
present in the more primitive birds, and 
have gradually been lost during the evolution 
of the recent orders, seems certain from the 
■ fact that the cretaceous birds were toothed. 
In Hesperomis (Fig. 420) there are long 
conical teeth in both jaws, set in a con- 
tinuous groove. In Ichthyomis (Fig. 419) 
the teeth are thecodont, like those of the 
Crocodile, each being placed in a distinct 
socket. In Gastomis and in Odontopteryx, 



Fig. 44U. — QaUus bankiTO (com- 
mon Fowl). Innominate of a six 
days* embryo. Jl. ilium ; Js. ischium ; 
pb, pubis; p, p, pectineal process. 
(From Wiedersheim, after Johnson.) 


an extinct carinate form allied to the Anseres, 


the margins of the bony jaws are produced into strong, pointed, tooth-like 



Fig. 4.11. — Apteryx oweni. 
Left hind-limb of emb^o, dorsal 
aspect. disL distale; Fe. femur; 
Fib, hbula; fib, hbulare; Mt.tsl, 
I — ^5, metatax^s ; Tib. tibia ; Hb. 
tibiale. (After T, J. Parker.) 


prominences. 

In the enteric canal the chief variations have 
to do with the size of the crop and of the caeca, 
with the gizzard, and with the coiling of the 
intestine. In grain-eating Birds the gizzard 
has thick muscular walls and is lined by a 
thickened horny epithelium, as in the Pigeon : 
in flesh-eaters, such as Gulls, Petrels, Hawks, 
and Owls, it is thin-walled and lined with 
epithelium of the ordinary character. In the 
Common Fowl and many other birds the caeca 
are of great length. A gall-bladder is usually 
present : the spleen is always small. The 
tongue may be pointed, as in the Pigeon ; very 
long and protrusible, as in Woodpeckers ; short 
and thick, as in Parrots ; or modified for honey- 
sucking by the tip being produced either into a 
brush-like organ or into paired sucking tubes. 
There are variously situated buccal glands, to 
some of which the name salivary is often 
applied. 

Respiratory and Vocal Organs.— The rings of 


the trachea are always ossified : the tube is frequently deflected to one side by 
the crop, as in the Pigeon, and may undergo such an increase in length as to 
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extend beneath the skin of the abdomen, or even into the keel of the sternum. 
The syrinx is either tracheo-bronchial, as in the Pigeon, i.e., formed by the 
distal end of the trachea and the proximal ends of the bronchi, or is exclusively 
tracheal or exclusively bronchial. In singing birds it is complex, and is 
provided with numerous muscles — five or seven pairs. 

The lungs are always firmly fixed to the dorsal body-wall by a pulmonary 
aponeurosis, and are but slightly distensible. The general arrangement of the 
air-sacs has been described in the Pigeon (p. 444) : in Apteryx the abdominal 
air-sacs are small, and are completely enclosed by the oblique septum, so as not 
to extend into the abdominal cavity among the viscera. The bronchi send off 
branches at right angles. 

The Cireulatory Organs agree in all essential respects with those of the 
Pigeon : their most characteristic features are the large size of the heart, the 
muscular right auriculo- ventricular valve, the atrophy of the left aortic arch, 
and the vestigial character of the renal portal system. The red blood-corpuscles 
are always oval and nucleated. 

Nervous System and Sense Organs. — ^The brain is also very uniform in struc- 
ture, being characterised by its short, rounded hemispheres, large folded 
cerebellum produced forwards to meet the hemispheres, and laterally placed 
optic lobes. In the embryo the optic lobes have the normal dorsal position, 
and the whole brain resembles that of a Reptile. In Apteryx, in correlation 
with the reduction of the eyes, the optic lobes are very small, and are situated 
on the under side of the brain. Above the anterior commissure is a small 
bundle of fibres which has been considered as the homologue of the hippocampal 
commissure of Mammals. 

Apteryx is also distinguished by the high development of the olfactory 
chamber, which extends from the tip of the beak to the level of the optic 
foramina : the turbinals are large and complex, and there is a vestige of the 
cartilage of Jacobson’s organ. The small eye differs from that of all other 
birds in the absence of a pecten, although a vestige of that organ occurs in 
the embryo. The structure of the auditory organ is very uniform throughout 
the class. 

Urinogenital Organs. — In these, also, the general agreement with the 
Pigeon is very close, the most characteristic feature being the more or less 
complete atrophy of the right ovary and oviduct. The Megistanes, Rheae, 
Anseres, and some other Birds have a penis in the form of a tUckening of the 
ventral wall of the cloaca : it has a groove on the dorsal surface acting as a 
sperm-channel, and its distal end is invaginated, in the position of rest, by an 
elastic ligament. In the Ostrich there is a solid penis, like that of Chelonia and 
Crocodiles : it can be retracted into a pouch of the cloaca. 

Develo^ent. — ^The process of development in Birds has been most 
thoroughly worked out in the Common Fowl, but enough is known of the 
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embryology of other Birds to show that tlie differences are comparatively 
unimportant. 

The ovum is always large owing to the great quantity of food-yolk ; the 
protoplasm forms a small germinal disc at the upper pole. Impregnation is 
internal, and as the oosperm passes down the oviduct it is coated by successive 
secretions from the oviducal glands. It first receives a coat of thick, viscid 
albumen (Fig. 442, alb.), which, as the egg rotates during its passage, becomes 
coiled at either end into a twisted cord, the chalaza (ch.). Next, more fluid 
albumen (aW.) is deposited layer by layer, then a tough, parchment-like shell- 
membrane {sh. m.), and finally a calcareous shell (sh.). The shell-membrane is 
double, and, at the broad end of the egg, the two layers are separate and enclose 
an air-cavity (a.). The shell may be white or variously coloured by special 
pigments : it consists of three layers, and is traversed by vertical pore-canals, 
which are unbranched in the Carinatae and in Apteryx, branched in the other 
Ratitae. 

The eggs may be laid on the bare ground or on the rocks by the sea-shore, 
as in Penguins and Auks, or on the ledges on inaccessible cliffs, as in the Sooty 
Albatross {Diomedea fuliginosa) ; but as a rule a nest is constructed for their 
reception by the parent Birds. This may simply be a hole in the sand, as in the 
Ostrich ; a mere clearing on the hill-side surrounded by a low wall of earth, as 
in the Wandering Albatross {Diomedea exulans) ; or a cylinder with excavated 
top, built of grass, earth, and manure, as in the Mollymawks {Diomedea mela- 
nophrys, etc.). It may take the form of a burrow, as in many Petrels, King- 
fishers, and Scind-martins, or it may be more or less elaborately built or woven 
of sticks, moss, leaves, hair, or feathers, showing every stage of constructive 
skill, from the rude contrivance of sticks of the Pigeon and Eagle to the 
accurately constructed cap- or dome-shaped nests of many familiar Passeres. 
In the Tailor-bird {Orthotomus) it is formed of leaves sewn together, the beak 
acting as needle : in a Malayan Swift {CoUocalia) it is largely built of the 
secretion of the Bird’s buccal glands. 

The number of eggs laid varies from 15-18 in the Partridge to a single one 
in many Sea-birds and in the Kiwi. As a rule the size of the eggs bears some 
proportion to that of the Bird, the smallest being those of Humming-birds, the 
largest those of the Moas and of iEpyomis : but in Apteryx the egg is of dis- 
proportionate size — ^as large as a Swan's or an Albatross’s, the Kiwi itself being 
no larger than a barndoor Fowl. 

Segmentation takes place during the passage of the egg down the oviduct, 
and resTilts, as in Reptiles, in the formation of a blastoderm (Fig. 442, bl.) 
occupying a small area on the upper pole of the yolk. After the egg is laid, the 
process of development is arrested unless the temperature is kept up to about 
37° to 40® C. : this is usually done by the heat of the body of the parent Birds, 
one or both of which sit upon, or incubate, the eggs until the young are hatched ; 



480 


ZOOLOGY 


but in the Australian mound-makers (Megapodius) the eggs are buried in heaps 
of decaying vegetable matter, the decomposition of which gena*ates the 
necessary heat. 



Fig. 442. — Gallos bankiva (domestic Fowl). Semi-diagrammatic view of the egg at the time 
of laying, a. air-space ; alb. dense layer of adbumen ; alb', more fluid albumen ; bl. blastoderm ; 
ch. chalaza ; sh. shell ; sh. m. shell-membrane ; sh. m. i, sh. m. 2, its two layers separated to 
enclose air-cavity, (From Marshall's Embryology, slightly altered.) 


hd 



Fig. 443. — Gallos bankiva. Two stages in the development of the blastoderm ; diagram- 
matic. at. op. area opaca ; ar. pi. area pellucida ; hd. head ; med. gr. medullary groove ; mes. 
mesoderm, indicated by dotted outline and deeper shade ; pr. am. pro-amnion ; pr. st, primitive 
streak ; pr. v. protovertebrae. (From Marshall's Embryology, in part after Duval.) 

In the newly-laid egg the blastoderm is divisible, as in Reptiles, into two 
parts, a central, dear area peUucida (Fig. 443, ar. pi.) and a peripheral area 
opaca {ar. op.), and is formed of a superficial ectoderm having bdow it a some- 
what irregular aggregation of cells not yet forming a definite layer. 
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On the surface of the area pellucida, as in the Reptiles, appears an embryonic 
shield, the formation of which is due to the elongation of the ectoderm cells in a 
ventral direction, A primitive knot (p. 418) is absent as a distinct structure, 
and there is no invagination. In the posterior part of the area pellucida behind 
the embryonic shield appears a longitudinal opaque band, the primitive streak 
{pr, st,), and along the middle of this is formed a groove, the primitive groove. 
The latter represents the blastopore of the reptiles, and there is no archenteric 
cavity. It is by active proliferation of cells along the course of the primitive 
streak, which represents the coalescent lips of the blastopore, leading to the 





Fig. 444. — Gallos banldya. Two stages in the development of the embryo, all, allantois ; 
am. cut edge of amnion ; an. anus ; au. ap. auditory aperture ; au. s. auditory sac ; /. br. fore- 
bretin ; /. 1 . fofe-limb ; h, br. hind-brain ; h. 1 . hind-limb ; ht. heart ; hy. hyoid arch ; m. hr. 
mid-brain ; mn. mandibular arch ; na. nostril ; t. tail. (After Duval.) 

formation of masses of new cells that grow out laterally and forwards into the 
space between the ectoderm and yolk-endoderm, that the foundations of the 
mesoderm are formed. In the anterior primitive streak-region the primitive 
knot of the reptiles is represented by a close union, for a short space, of all three 
layers. In front the primitive streak becomes free from the ectoderm and unites 
below with the endoderm ; this anterior extremity of the primitive streak is 
known as the head-process. 

As there is no invagination in birds in general, there is no primitive endo- 
derm, and the definitive endoderm is formed solely from cells underljdng the 
embryonic shield. The notochord is formed by an axial modification of the 
endoderm cells along the anterior primitive strejik-region and the head-process. 
In the latter is formed the anterior of head-part of the notochord, and from it are 
VOL. II. * a I 
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derived also the mesodemi of the head and the endodermal lining of the head- 
part of the enteric canal. 

Immediately in front of the primitive streak the medullary groove {med, gr,) 
appears, and the medullary folds which bound it on the right and left diverge 
posteriorly, so as to embrace the anterior end of the primitive streak, in just the 
same way as they embrace the blastopore in Amphioxus. In some Birds there 
is an invagination at the anterior end of the primitive groove, resulting in the 
formation of a neurenteric canal. Both primitive streak and medullary groove 
lie at right angles to the long axis of the egg, the broad end of the latter being 


to the embryo's right. 

The blastoderm gradually extends peripherally so as to cover the yolk, and 
thereby becomes divisible into an embryonic portion, from which the embryo is 

formed, and an extra-embryonic 



cUl 

Fig. 445.— Gallus bankiva. Egg with embryo 
and foetal appendages, a. air-space ; all. allantois ; 
am. amnion ; ar. vase, area vasculosa ; emh. embryo ; 
yk. yolk-sac. (After Duval.) 


portion, which invests the yolk- 
sac and takes no direct share in 
the formation of the embryo. 
The extension of the ectoderm 
and endoderm takes place regu- 
larly and symmetrically, but 
the extra-embryonic mesoderm, 
while extending equally in the 
lateral and posterior regions, 
grows forwards in the form of 
paired extensions, which after- 
wards unite, so that for a time 
there is an area of the blastoderm 


in front of the head of the 


embryo, formed of ectoderm and endoderm only: this is called the ^ro- 
amnion [pr. am.). 

At an early period the vertebral plate or dorsal portion of mesoderm bounding 
the medullary groove becomes segmented into proto-vertebrae (Fig. 443, B, 
pr. v.), and the lateral plate or ventrail portion of the same layer splits into 
somatic and splanchnic layers with the ccelome between (Fig. 446, B). 

Gradually the embryo becomes folded off from the yolk-sac, as in other 
large-yolked eggs ; but, owing apparently to the confined space in which it is 
enclosed, it soon turns over so as to lie with its left side against the yolk and its 
right side facing the shell (Fig. 445). The body (Fig. 444, A) becomes 
strongly flexed so as to bring the head and tail almost into contact, and the 
head soon acquires a proportionally immense size, with very large projecting 
eyes. At first the head is quite like that of one of the lower vertebrate embryos, 
with protuberant brain-swellings (f. br., m, br., h. br.), large square mouth, 
ventrally placed nostrils connected by grooves with the numth, and three or 
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four pairs of gill-slits. As in Reptiles, there is never any trace of gills. In 
the Ostrich and Apteryx, as well as in some Carinatae, an opercular fold grows 
backwards from the hyoid arch, and covers the second and third branchial 
clefts. Soon the margins of the mouth grow out into a beak (Fig. 444, B), 
the clefts close, with the exception of the first, which gives rise to the tympano- 
eustachian passage, and the head becomes characteristically avian. The 
limbs are at first alike in form and size (A ,/. h. /.), and the hands and feet have 
the character of paws, the former with three, the latter with four digits ; but 
gradually the second digit of the hand outgrows the first and third, producing 
the characteristic avian manus {B), while the metatarsal region elongates and 
gives rise to the equally characteristic foot. At the same time feather-papiU® 
make their appearance, arranged in narrow and well-defined pterylse. 

At an early period capillaries appear in the extra-embryonic blastoderm 
between the opaque and pellucid areas, and give rise to a well-defined area 
vasculosa (Fig. 445, ar. vase.) : they are supplied by vitelline arteries from the 
dorsal aorta, and their blood is returned by vitelline 'veins which join the portal 
vein and take the blood, through the liver, to the heaxt. The vascular area 
gradually extends, until it covers the whole of the yolk-sac : its vessels take 
an important share in the absorption of the yolk by the embryo. 

Before the embryo has begun to be folded off from the yolk the rudiment of 
one of the two characteristic embryonic membranes, the amnion, has appeared. 
A crescentic amniotic fold arises (Fig. 446, A, am.f.), in front of the head-end 
of the embryo, from the region of the pro-amnion : it consists at first of ecto- 
derm only, the mesoderm not having yet spread into the pro-amnion. The 
fold is soon continued backwards along the sides of the body (R) and round the 
tail (A), but in these regions {am. /'.) it consists from the first of ectoderm plus 
the somatic layer of mesoderm, i.e., it is a fold of what may be called the extra- 
embryonic body-wall. The cavity is a prolongation of the space between the 
somatic and splanchnic layers of mesoderm, i.e., is an extension of the extra- 
embryonic coelome. 

The entire amniotic fold gradually closes in above (C), forming a double- 
layered dome over the embryo. Its inner layer, formed of ectoderm internally 
and mesoderm externally, is the amnion {am.), the cavity of which becomes filled 
with a watery'awm'ofoc fluid, serving as a protective water-cushion to the 
enclosed embryo. Its outer layer, formed of ectoderm externally and mesoderm 
internally, is the serous membrane (sr. m.) ; it comes to lie just beneath the 
vitelline membrane, with which it subsequently fuses. 

The second of the embryonic membranes, the allantois, is developed as an 
outpushing of the ventral wall of the mesenteron at its posterior end (C, aU.), 
and consists, therefore, of a layer of splanchnic mesoderm lined by endoderm. 
It has at first the form of a small ovoid sac having the precise anatomical 
relations of the urinary bladder of Amphibia (Fig. 446, A, all.). It increases 
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Fig. 446,- — ^Diagrams illustrating the development of the fcetal membranes of a Bird* A 
early stage in the formation of the amnion, sagittal section ; B, slightly later stage, transverse 
secti^ ; C, stage with completed amnion and commencing allantois ; D, stage in which the 
a^antois has begun to envelop the embryo and yolk-sac. The ectoderm is represented by a blue* 
the cndoderm by a red line ; the mesoderm is grey. all. aUantois ; all', the same growing round 
the embryo and yolk-sac; am. amnion; am. /., am. f. amniotic fold; an. anus; brain; 
ccBl. c^lome; extra-embryonic coelome ; W. heart; m5. sfif. mes^teron ; m/A. mouth; nch. 
noto^ord ; sp. cd. spmal cord ; sr. m. serous membrane ; umb. d. umbilical duct ; td. m. vitelline 
membrane ; yb. yolk-sac. * 
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rapidly in size (Fig. 446, all.), and makes its way backwards and to the right, 
into the extra-embryonic coelome, between the amnion and the serous membrane 
(Fig. 446, C, D). Arteries pass to it from the dorsal aorta, and its veins, joining 
with those from the yolk-sac, take the blood through the liver to the heart. 
Next, the distal end of the sac spreads itself out and extends all round the 
embryo and yolk-sac (£>, all*.), fusing, as it does so, with the serous and vitelline 
membranes, and so coming to lie immediately beneath the shell-membrane. It 
finally encloses the whole embryo and yolk-sac together with the remains of the 
albumen, which has by this time been largely absorbed. The allantois serves 
as the embryonic respiratory organ, gaseous exchange readily taking place 
through the porous shell ; its cavity is an embryonic urinary bladder, excretory 
products being discharged into it from the kidneys. 

At the end of incubation the embryo breaks the shell, usually by means of a 
little homy elevation or caruncle at the end of the beak. By this time the 
remainder of the yolk-sac has been drawn into the coelome, and the ventral 
body-walls have closed round it. On the shell being broken respiratory 
movements begin, the aperture is enlarged, and the young bird is hatched 
and begins a free life. 

In the Ratitae, Anseres, Gallinae, and some other Birds the young when 
hatched are clothed with a complete covering of down or of feathers, and are 
able from the first to run about and feed themselves; such Birds are called 
Proecoces or Nidifugoe. In the higher t3^es, such as the Rapacious Birds, 
Pigeons, and Passeres, the young are at first either quite naked, blind and 
helpless, or covered with mere patches of soft down, so that they require to 
be fed and kept warm by the parents; these forms are called Altrices or 
Nidicolce. In many Sea-birds, such as Petrels, Gulls, and Penguins, the young 
have a complete covering of woolly down, but remain in the nest for a 
prolonged period, sometimes until the full size is attained. 

Distribution. — ^The Ratitae furnish an interesting case of discontinuous 
distribution. Struthio occurs in Africa and South-western Asia, Rhea in 
South America, Dromaeus in Australia, Casuarius in Australia, New Guinea, 
and some of the other Austro-Malayan islands, and Apteryx in New Zeailand. 
Thus, taking recent forms only, each of the great Southern land-masses 
contains one order of Ratitae not found elsewhere; the Struthiones are 
Ethiopian, but extend also into the adjacent part of the Palaearctic region, 
the Rheae Neotropical, and the Megistanes Australasian. ^Epyomis, the 
affinities of which appear to be with the Megistanes, occurs only in 
Madagaiscar, where it has become extinct within — geologically speaking — 
comparatively recent times. When we take the scattered distribution of the 
a*bove-mentioned Ratitae into consideration, one of the most remarkable facts 
in distribution is the occurrence, in the limited area of New Zealand, of no 
fewer than six genera and between twenty and thirty species of Dinomithidae 
VOL. II. 2I** 
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or Moas, some of which became extinct so short a time ago that their skin, 
flesl}, feathers, dung, and egg-shells are preserved. 

Among the Carinatae the Penguins arc exclusively southern, occurring only 
in the South Temperate and Arctic Oceans. They may be said to be 
represented in the Northern Hemisphere by the Puf&ns and Auks, one of 
which, the Great Auk or Gare-fowl {Alca impennis), was actually impennate, 
its wings being converted, as in the Penguins, into paddles. The Crypturi 
(Tinamous) are exclusively Neotropical, the Humming-birds American, the 
Birds of Paradise and Bower-birds Australian and Austro-Malayan. Amongst 
negative facts, the Psittaci or Parrots are characteristically absent in the 
Palsearctic and most of the Nearctic region, the Finches in the Australasian 
region, as well as in New Zealand and Polynesia, and the Starlings in both 
regions of the New World. 

Birds are comparatively rare in the fossil state : their powers of flight 
render them less liable to be swept away and drowned by floods and so 
imbedded in deposits at the mouths of rivers or in lakes. Up to the Cretaceous 
period, Archaeopter}^ and Archseornis, from the Jurassic, are the only Birds 
known. In the Cretaceous of North America toothed Birds of the orders 
Odontolcae and Ichthyomithes make their appearance, while in the Eocene 
numerous interesting forms occur, including the Gastomithes and the 
Stereornithes. 

Ethology. — It is impossible here to do more than allude, in the briefest way, 
to the immense and fascinating group of facts relating to the instincts, habits, 
and adaptations found in the present class. Their social instincts, their song, 
their courtship-customs, the wonderful advance in the parental instinct, leading 
to diminished mortality in the young, are all subjects for which the reader 
must be referred to the works on general Natural History mentioned in the 
Appendix. 


CLASS V.— MAMMALIA. 

The class Mammalia, the highest of the Vertebrata, comprises, among living 
animals, the sub-classes Prototheria (Monotremata), Metatheria (MarsupiaUa), 
and Eutheria (Placentalia). In addition to a number of extinct orders aiid 
families that can be placed in one or other of the above sub-classes, there are 
also several other sub-classes which arose and became entirely extinct at a 
much earlier period of time. These are loosely known as the " Mesozoic 
Mammals,” and are divided into the groups Multituberculata, Triconodonta, 
Symmetrodonta, and Pantotheria. 

Although no definite “ missing link ” has as yet been found, there is enough 
evidence from certain extinct forms, both Reptiles and Mammals, for the 
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universal acceptance of the view that the Mammals had a reptilian ancestry, 
and this view is further supported by certain anatomical features found in the 
still-living Monotremes. 

The Mammalia as a class have some characters that can be termed diag- 
nostic, as long as it is remembered that at some time there must have been 
animals with a mixture of the ancestral reptilian and the beginnings of the 
modem mammalian characters. Indeed, the Monotremata are still in some 
respects in this position. 

A t3?pical modem Mammal, as compared with a modem Reptile, can be 
recognised by 

1. The possession of a covering of hair. This, as a secondary adapta- 
tion, may largely be but never is entirely, lost. The scales of the reptilian 
ancestry are not fully dispensed with, but may remain on some parts of 
the body, as, for instance, on the tail of a rat. 

2. The diaphragm, a partition of muscular fibres with a tendinous 
centre separating the lungs and pericardium from the other viscera, is a 
universal feature of Mammals, and occurs nowhere else. 

3. There are always three auditory ossicles in the ear, which now con- 
sists of three parts : the outer, middle, and inner ear (see page 497). 

4. The bones of the lower jaw are now reduced to one, the dentary. 

5. The vertebras are gastrocentrous (see page 337), and each vertebra 
consists of a centram and neural arch, and, in addition, thin, plate-like 
discs of bone — the epiphyses — at each end which on the cessation of 
growth fuse with the body of the vertebra. 

6. The heart is completely four-chambered, and the left aortic arch 
alone persists. 

7. The young are nourished for some time after birth on milk, the 
secretion of the female mammary glands, a production peculiar to 
Mammals. 

In addition to these seven diagnostic characters, there can be given a further 
list which can be divided into two categories — ^viz., those characters which are 
found in a primitive condition in the reptilian ancestors and which become 
increasingly perfected in Mammals from the earlier to the later types, as, for 
instance, the gradual ^pwth of the brain leading up to the highly coinplex type 
wth jaec^^ufir^andjiumerous cdnyolutions ; the gr adu a l perfe ction 9f_the 
larynx and e pi^ttis , which in th e Amphibi a and Reptil ia a re represented only 
by rudiments ; the gra.dual acquisition of a hard p^ate and so on. In the other 
category are those reptilian cl^acters that are disappearing, such, for instance, 
as theTosslof sewicSl fiones of the sfcy^^d Tower jaws ; the gradual reduction of 
?Ee"e]S 5 ents of ffie shouldw-gircUe, accompanied by a greater mechanical - 
perfection ortIiie“parts that remain ; the loss of the polyphyodont sets of teeth 
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and their reduction to the milk and permanent sets only, together wit h the 
modification of the individual teeth into incisors, canines, premolars, and 
molars. / 

Example of the Class — The Rabbit [Lepus cuniculus). 

External Characters. — The Rabbit (Fig. 447) is a four-footed or quad- 
rupedal animal, having the whole surface of its body covered with soft fur. 
The head bears below its anterior extremity the mouth, in the form of a trans- 
verse slit bounded by soft lips. The upper lip is divided by a longitudinal 
cleft, running backwards to the nostrils, and exposing the chisel-shaped incisor 
teeth. Behind the incisor teeth the hairy integument projects on each side into 
the cavity of the mouth. At the end of the snout, above the mouth, are the 



Fig. 447. — Lepus cuniculus. Lateral view of skeleton with outline of body. 


nostrils, in the shape of two oblique slits. The large eyes, situated at the sides 
of the head, have each three eyelids, an upper and lower hairy lid, and an an- 
terior hairless third eyelid or nictitating membrane, supported by a plate of 
cartilage. Vibrissee — very long stiff hairs — ^are scattered above and below the 
eyes and on the snout. Behind the eyes, and a little nearer the summit of the 
head, are a pair of very long flexible and movable external ears or pinna. 
These are somewhat spout-shaped, expanding distally, and are usually placed 
vertically with the concavity directed laterally and somewhat forwards, leading 
to the external auditory opening. The neck is a distinct constriction, but 
relatively short as compared with the neck of the Pigeon. The trunk is dis- 
tinguishable into thorax in front and abdomen behind. On the ventral surface 
of the abdomen in the female are four or five pairs of little papillae— the teats. 
At its posterior end, below the root of the tail, is the anal opening, and in front 
of this in the male is the penis, with a small terminal urinogenital aperture, and 
with the testes, each in a prominent scrotal sac, at the sides ; and in the female 
the opening of the vulva. In the space [perinaumi) between anus and pans or 
vulva are two bare, depressed areas of skin into which open the ducts of certain 



PHYLUM CHORDATA 489 

glands — the perinaal glands — ^with a secretion having a strong and characteristic 
odour. The tail is very short and covered with a tuft of fluffy fur. 

The fore- and hind-limbs, both of which take part in locomotion and in 
supporting the weight of the animal, differ considerably in size — the fore- 
limbs being much shorter than the hind-limbs. Both have the same general 
divisions as in the Lizard. The upper arm is almost completely hidden by the 
skin, being applied closely against the side of the body. The ntanus is provided 
with five digits, each terminating in a homy claw. The thigh is also almost 
hidden by the skin ; the pes has four digits only, all provided with claws. 

Skeleton. — The spinal column of the Rabbit is divisible, like that of the 
Pigeon and the Lizard, into five regions — the cervical, the thoracic, the lumbar, 
the sacral, and the caudal. In the cervical region there are seven vertebrae. 



Fig. <^48. — Lepra cuniculra. A, atlas and axis, ventral aspect, od, odontoid process of 
axis. J 5 , lateral view of axis, aft, articular facet for atlas ; od, odontoid process ; pU zy. post- 
zygapophysis ; sp. neural spine. C, thoracic vertebrae, lateral view. cent, centrum ; fac. facet 
for rib ; met. metapophysis ; pr. zy. pre-zygapophysis ; pt. zy. post-zygapophysis ; rh. rib ; sp. 
spinous process. 


in the thoracic twelve, or sometimes thirteen, in the lumbar seven, or sometimes 
six, in the sacral four, and in the caudal about fifteen. 

The centra of the vertebrae in a young Rabbit consist of three parts — a 
middle part which is the thickest, and two thin discs of bone — ^the epiphyses — 
anterior and posterior, applied respectively to the anterior and posterior faces 
of the middle part or centrum proper. Between successive centra in an un- 
macerated skeleton are thin disc-like plates of fibro-cartilage — the inter-vertebral 
discs. 

The transverse processes of all the cervical vertebrae, except the seventh or 
laist, are perforated by a canal, the vertebrarterial canal, for the passage of the 
vertebrad artery. The first vertebra or aUas (Fig. 448, A) resembles the corres- 
ponding vertebra of the Pigeon in being of the shape of a ring without any solid 
centrum like that of the rest. On the anterior face of its lateral portions are 
two concave articular surfaces for the two condyles of the skull. The second 
vertebra or axis {A and B) bears on the anterior face of its centrum a peg-like 
process — the odontoid process {od.) — ^which fits into the ventral part of the wing 
of the atlas : it has a compressed spine (sp.), produced in the antero-posterior 
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direction ; its transverse processes are short and perforated by a canal for the 
vertebral artery. All the cervical vertebrae except the last have their trans- 
verse process bifurcated into dorsal and ventral lamellae. The seventh differs 
from the others in having a more elongated neural spine, in having its trainsverse 
processes simple and without perforation for the vertebral artery, and in the 
presence on the posterior edge of the centrum of a little concave semi-lunar 
facet. 

The thoracic vertebrae (C) have elongated spines which are mostly directed 
backwards as well as upwards. The transverse processes are short and stout ; 
each bears near its extremity a small smooth articular surface or tubercular facet 
for the tubercle of a rib. On the anterior and posterior borders of each vertebra is 
a little semi-lunar facet, the capitular facet {fac.), situated at the junction of the 
centrum and the neural arch. The two contiguous semi-lunar facets of succes- 
sive vertebrae form between them a little cup-like concavity into which the head 
or capitulum of a rib is received. The semi-lunar facet on the last cervical 
vertebra forms, with that on the anterior border of the first thoracic, the 
concavity for the head of the first rib. 

In the lumbar region the spines are comparatively short, and both trans- 
verse processes and bodies are devoid of facets. From the centrum of each of 
the first two (or three) projects downwards a short flattened process — the 
hypapophysis. Certain accessory processes — the metapophyses {met.) and 
anapophyses — are well-developed, the former being extremely long in the 
posterior lumbar region. The metapophyses are situated in front, projecting 
forwards and outwards over the pre-zygapophyses ; and the anapophyses are 
situated below the post-zygapophyses and project backwards The transverse 
processes are long, and are directed forwards and outwards ; that of the last 
lumbar is bifurcated. 

The sacral vertebrae are firmly ankylosed together to form a single composite 
bone, the sacrum. The vertebrae bear a close resemblance to those of the 
lumbar region, but the hypophyses and anapophyses are wanting, and the 
metapophyses are comparatively small. The first and second bear great 
expanded lateral processes, or sacral ribs, with roughened external surfaces for 
articulation with the ilia. These are the only sacral vertebrae in the strict 
sense of the term, the following two being in reality anterior caudal. 

Of the caudal vertebrae the more anterior resemble those of the sacral region, 
aind have similar processes ; but as we pass backwards in the caudal region all 
the processes gradually diminish in size, the most posterior vertebra being repre- 
sented merely by nearly cylindrical centra. 

There are twelve pairs of ribs, of which the first seven are known ais true ribs, 
i.e., are connected by their cartilaginous sternal pairts with the sternum ; while 
the remaining five, the so-called false or floating ribs, are not directly connected 
with the sternum. All, except the last four, bear two articular facets, one on the 
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vertebral extremity or capitulmn, and the other on a little elevation or tubercle 
situated at a little distance from this— the former for the bodies, the latter 
for the transverse processes of the vertebrae. 

The sternum consists of six segments or sternebra : the first, the manubrium 
sterni or presternum, is larger than the rest, and has a ventral keel. With the 
last is connected a rounded cartilaginous plate, the xiphisternum. 

The skull (Figs. 449, 450), if we leave the jaws out of account, is not at all 
unlike that of the Pigeon in general shape. The length is great as compared with 
either the breadth or the depth ; the maxillary region, or region of the snout 
(corresponding to the beak of the Pigeon), is long in proportion to the rest, the 
orbits closely approximated, being separated only by a thin inter-orbital 
partition, and the optic foramina united into one. But certain important 
differences are to be recognised at once. One of these is in the mode of union of 
the constituent bones. In the Pigeon, as we have seen, long before maturity is 
attained, the bony elements of the skull, originally distinct, become completely 
fused together so that their limits are no longer distinguishable. In the Rabbit, 
on the other hand, such fusion between elements only takes place in a few 
instances, the majority of the bones remaining more or less distinct throughout 
life. The lines along which the edges of contiguous bones are united — the 
sutures as they are termed — ^are sometimes straight, sometimes wavy, some- 
times zigzagged serrations of the edges of the two bones interlocking ; in some 
cases the edges of the bones are bevelled off and the bevelled edges overlap, 
forming what is termed a squamous suture. 

Another conspicuous difference between the skull of the Rabbit and that of 
the Pigeon is in the mode of connection of the lower jaw, which in the former 
articulates directly with the skull — the quadrate, through which the union is 
effected in the Pigeon, being apparently absent. Certain large apertures which 
are distinguishable are readily identified with the large openings in the skull of 
the Pigeon. In the posterior wall of the skull is a large rounded opening, the 
foramen magnum, flanked with a pair of smooth rounded elevations or condyles 
for articulation with the first vertebra, these obviously corresponding to the 
single condyle situated in the middle below the foramen in the Pigeon. A large 
opening, situated at the end of the snout and looking forwards, obviously takes 
the place of the external nares of the Pigeon ; and a large opening in the roof 
of the mouth, leading forward to the external nasal opening, plainly represents, 
though much wider and situated farther back, the external or posterior nares 
of the Pigeon ; while the rounded tubular opening {aud. me.) situated at the 
side of the posterior part of the skull, some distance behind the orbit, is evidently 
the same as the auditory aperture of the Pigeon. 

Surrounding the large opening of the foramen magnum are the bones of the 
occipital region of the skull, the supra-, ex- and basi-occipitals. The first of 
these (s. oc.) is a large plate of bone whose external surface is directed ba$:kwards 
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Fio. 449.--I«piia onnienlni. Skull. lateral view; B, ventral view, ane i>roc anmilar 
process of mandible ; a. s. ^sphenoid (exte^ pterygoid process) ; aud. me. andfe^ 

meatus ; b. oc. basi-occipi^ ; 1. sph. basi-sphenoid ; cond. condyle, fr. frontal; itii f>o teter- 
panetal; ». o. /. infra-orbital foramen; jtt. jugal; hr. lactymi; m. molare: ^Mxilte • 

was. nasal; op<./o. optic for^en; o. sp*. orbito-sphenoid ; p«. parietal; p«l. palatine; pal. max’ 
pala^ plate of maxilla; par.oc. p^occipital process; pal. p. max. pala^twocessof p^ 
maxiUa; p.m. premrfars ; p. mas. pre-maxilla ; pr. sph. pre-sphenoid ; p<.^eiOToid; P.F^. 
poet^I^c mocMS of ^uamosal ; s. oc. supra-occlpital ; spK. points to 
assure, not cl^ly visible m a lateral view ; s?. squamosal ; sf. /o. stylomastoid foramm: » bvl. 
tympanic bulla ; vo. vomer ; ^g. max. zygomata process of maxilla. ™ 
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and upwards, andvclevated in the middle into a shield-shaped prominence. 
The ex-occipitals lie at the sides of the opening, and each bears the greater part of 
the somewhat oval prominence or condyle with which the corresponding surface 
of the atlas or first vertebra articulates. Each is produced below into a process 
called the par-occipital {par. oc.), closely applied to the t3mipanic bulla. At the 
end of this, imbedded in the tendon of a muscle, the styloglossus, is a small bony 
rod, the stylo-hyal. A small aperture, the condylar foramen, situated below the 
condyle, is for the passage of one of the cerebral nerves, the hypoglossal. The 
basi-occipital is a median plate of bone, almost horizontal in position, which 
forms the floor of the most posterior part of the cranial cavity ; it bears the 
lower third of the occipital condyles. All these four bones of the occipital region 
are in the adult Rabbit united together to form the single occipital bone. 
Articulating in front with the basi-occipital, but separated from it by a plate of 
cartilage, is a plate of bone, also horizontal in position, which forms the middle 
part of the floor of the cranial cavity. This is the basi-sphenoid ; it is per- 
forated at about its middle by an oval foramen — the pituitary foramen — and on 
its upper surface is a depression, the sella turcica, or pituitary fossa (Fig. 450, 
s. t.), in which the pituitary body rests. In front of it is another median bone 
of laterally compressed form, the pre-sphenoid, with which it is connected by 
cartilage, the removal of which leaves a gap in the dried skull ; the pre-sphenoid 
forms the lower boundary of the single large optic foramen (Fig. 449, opt.fo.). 
Connected laterally with the basi-sphenoid and pre-sphenoid are two pairs of 
thin irregular plates, the ali-sphenoids {sa.) behind and the orbito-sphenoids 
(0. sph.) in front. The ah-sphenoids are broad wing-like bones, each produced 
below into a bilaminate process, the pterygoid process. A large foramen, the 
sphenoidal fissure {sph.), situated between the basi-sphenoid and the ali-sphenoid 
of each side, transmits from the interior of the skull the third and fourth 
cerebral nerves, the first and second divisions of the fifth, and the sixth nerves. 

The boundary of the anterior part of the brain-case is completed by a narrow 
plate of bone, the cribriform plate of the ethmoid (Fig. 450, eth.), perforated by 
numerous small foramina for the passage of the olfactory nerves. This cribri- 
form plate forms a part of a median vertical bone, the meseihinoid, the remainder 
of which, or lamina perpendicularis, forms the bony part of the partition (com- 
pleted by cartilage in the unmacerated skull) between the nasal cavities. Fused 
with the mesethmoid are two lateral, thin, twisted bones, the ethmo-turbinals 
{e. tb.), and with its inferior edge articulates a long median bone, with a pair 
of delicate lateral wings, the vomer {vo.). None of these, with the exception 
of the cribriform plate, takes any share in the bounding of the cavity of the 
cranium. Roofing over the part of the cranial cavity the walls and floor of 
which are formed by the sphenoid elements, is a pair of investing bones, the 
parietals (Fig. 449, pa.), and farther forwards is another pair, the frontals {fr.). 
The'parietals are plate-like bones, convex externally, concave internally, which 
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articulate with the supra-occipital behind by a transverse serrated lambdoidal 
suture. The right and left parietals articulate together by means of a somewhat 
wavy suture, the sagittal ; in front a transverse serrated suture, the coronal, 
connects them with the frontals. Between ihe supra-occipital and the parietals 
is a median ossification or inter-parietal (int. pa.). The frontals are intimately 
united along the middle by means of the frontal suture. Laterally their orbital 
plates form an important part of the upper portion of the inner wall of the orbit ; 
above this, over each orbit, is a curved, somewhat crescentic process, the 
supra-orbital process. Between the ali-sphenoid below, the parietal and frontal 
above, the frontal and orbito-sphenoid in front, and the parietal behind, is a 
broad bone (sq.), the superior margin of which is bevelled off : this is the 
squamosal. It is produced in front into a strong zygomatic process, which curves 
outwards, then downwards, and finally forwards, to unite, with the jugal in 
the formation of the zygomatic arch. Below the root of the process is a hollow, 
the glenoid fossa. Posteriorly the squamosal gives off a slender process, the post- 
tympanic process (p. t. sq.), which becomes applied to the outer surface of the 
periotic. 

Between the occipital and parietal bones, below and behind the squamosal, 
are the tympanic and periotic bones. The tympanic forms the bony part of the 
wall of the external auditory meatus ; below it is dilated to form a process {ty. 
bul.) projecting on the under surface of the skull — the bulla tympani. The 
periotic is a bone of irregular shape, its internal {petrous) portion (Fig. 450, 
peri.) enclosing the parts of the membranous labyrinth of the internal ear, and 
externeilly presenting two small openings — the fenestra ovalis and fenestra 
rotunda — ^visible only when the tympanic is removed ; internally it bears a 
depression, the floccular fossa, for the lodgment of the flocculus of the cerebellum. 
Part of the periotic {mastoid portion) is seen on the exterior of the skull between 
the tjmipanic and exoccipital. The periotic arid tympanic are not ankylosed 
together, and are loosely connected with the surrounding bones, being held 
in position by the post-tympanic processes of the squamosal. Between the 
tympanic and periotic are two foramina of importance — the stylomastoid, which 
transmits the seventh cerebral nerve, and the Eustachian aperture, at which the 
Eustachian tube opens. 

Roofing over the olfactory cavities are two flat bones — ^the nasals {nas .) — 
each having on its inner surface a very thin hollow process, the naso-turbinal. 
In front of the nasals are the premaxillae {p.max.) — ^large bones .which form 
the anterior part of the snout, bear the upper incisor teeth, and give off three 
processes — a nasal, a palatine {pal. p.max.), and a maxillary. The maxilla 
(max.), which form the greater part of the upper jaw, and bear the premolar 
and molar teeth, are large, irregularly-shaped bones, the outer surfaces of which 
are spongy. They give off internally horizontal processes — ^the palatine 
processes {pal. max.) — ^which unite to form the anterior part of the bony palate. 
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Between the premaxillae and maxillae and the palatines on the lower surface of 
the skull is a large triangular opening divided into two — the anterior palatine 
foramina— hy the palatine processes of the pre-maxillae. On the outer surface 
of each maxilla, above the first premolar tooth, is a foramen — the infra- 
orbital {i. 0. /.) — through which the second division of the fifth nerve passes. A 
strong process' which is given off from the outer face of each maxilla, and turns 
outwards and then backwards to unite with the zygomatic process of the 
squamosal and thus complete the zygomatic arch, is a separate bone in the 
young, the malar or jugal (ju.). 

The maxillas help to bound the nasal cavities externally, and with each is 
connected on its inner aspect a pair of thin scroll-like bones — ^the maxillo- 



Fig. 450. — ^Lepus cunicnlns. Skull in longitudinal vertical section. The cartilaginous 
nasal septum is removed, a. sph, ali-splienoid ; e.oc. exoccipital; e. tb. ethmo-turbinal ; eth. 
ethmoid : fl, fossa for flocculus of brain ; i. incisors ; mx. th. maxillary turbinal ; w. th, naso- 
turbinal ; pal\ palatine portion of the bony palate ; peri, periotic (petrous portion) ; p. sph. 
pre-sphenoid ; sph. f. sphenoidal fissure ; s. t. sella turcica, or depression in which the pituitary 
body lies; 7. point at which the olfactory nerves leave the skull; 77. optic foramen; V. mn. 
foramen for mandibular division of trigeminal ; F77. for facial nerve ; VIII. for auditory nerve ; 
IX, X, XI, for glossopharyngeal, vagus, and spinal accessory; XII. for hypoglossal. Other 
letters as in Fig. 449. (From Parker’s Practical Zoology.) 

turbinals (Fig. 450, mx. tb.). The rest of the narrow bony palate, forming the 
roof of the mouth and the floor of the nasal cavities, is formed by the palatine 
plates of the palatine bones {pal.). The so-called pterygoids (pt.) are small 
irregular bones, each of which articulates with the palatine in front and with 
the pterygoid process of the ali-sphenoid behind: these are probably not 
the equivalents of the pterygoids of other Vertebrates, but of the part of the 
para-sphenoid. The lacrymals {Icr.) are small bones, one situated in the 
anterior wall of each orbit, perforated by a small aperture — the lacrymal 
foramen. 

In the interior of the skull (Fig. 450) are three cavities, the two olfactory 
or nasal cavities, right and left, in front, and the cranial cavity behind. The 
former are separated from one another by a median partition or septum, partly 
cartilaginous, partly bony, formed, as above described, by the mesethmoid. 
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Each contains the turbinals or turbinated bones of its side ; it opens on the 
exterior by the large external nasal aperture, and behind it communicates 
with the cavity of the mouth by the posterior nasal aperture. 

The cranial cavity has its walls moulded to a considerable extent on the 
surface of the contained brain, and, in consequence, there are to be recognised 
concavities in the former corresponding with the prominent portions of the 
latter. These concavities are termed the fosses, and they consist of the 
cerebellar fossa behind and the cerebral fossa in front, with the inconspicuous 
olfactory fossa in the frontal region. 



Fig. 451. — Jaw muscles of the rabbit. MLS, lateral superficial, MLP, deep lateral, mma. 
anterior medial, MMP. posterior medial, of masseter; PTE\ insertion of external pterygoid; 
PTl', insertion of internal pterygoid ; t. temporal ; t', insertion of temporal. (Redrawn after 
Tullberg.) 

The mandible, or lower jaw, consists of two lateral halves or rami, which are 
connected with one another in front by a rough articular surface or symphysis, 
while behind they diverge like the hmbs of a letter V. In each ramus is a 
horizontal portion (anterior), which bears the teeth, and a vertical or ascending 
portion, on which is the articular surface or condyle (cond.) for articulation with 
the glenoid cavity of the squamosal ; in front of the condyle is the compressed 
coronoid process. The angle where the horizontal and ascending processes 
meet gives off an inward projection or angular process {ang. pro.) (Fig. 449). 

The jaw-muscles in the Rabbit are somewhat specialised for the action of 
gnawing, though to a less extent than in many other Rodents (see Fig. 451). 
The mu^es chiefly concerned are the tempond, masseter, and digastric. The 
temporal has its origin from a long and rather irregular area on the reduced 
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temporal fossa, and is inserted on the medial side of the coronoid process of the 
lower jaw. The masseter is a large mass, and is divided into three sections, 
deep and superficial lateral and medial. The origin is along the whole border 
of the jugal arch (the medial and deep lateral) and on the lower border of the 
maxilla (superficial lateral). The insertion of all three sections is on the outer 
face and border of the angle of the lower jaw. The internal and external 
pterygoid muscles arising from the pterygoid region are inserted on the inner 
side of the jaws at the angle and coronoid, respectively. The digastric muscles 
which open the jaws arise from the paroccipital process, and are inserted on the 
medial lower surface of the ramus. In the front part of the jaws are inserted 
other smaller muscles, such asThe buccinator, which moves the lips, the genio- 
hyoglossus for the tongue, etc. 

The hyoid consists, in addition to the separate vestigial stylo-hyals already 
mentioned (p. 493), of a stout thick body or basi~hyal, a pair of small anterior 
cornua or cerato-hyals, and a pair of long backwardly directed cornua or 
thyrohyals. 

The auditory ossicles, contained in the cavity of the middle ear and cut 
off from the exterior in the unmacerated skull by the tympanic membrane, 
are extremely small bones, which form a chain extending, like the columella 
auris of the Pigeon, from the tympanic membrane externally to the fenestra 
ovalis internally. There are three of these auditory ossicles — the stapes, which 
corresponds to the columella of the Pigeon ; the incus, and the malleus, the 
latter with a slender process {j>rocessus gracilis) : these are derived respect- 
ively from the quadrate and articular elements (q.v.) of lower vertebrates. 
In addition there is a small disc-like bone, the orbicular, which is attached to 
the incus. 

The elements of the pectoral arch are fewer than in the Lizard. There is a 
broad, thin, triangular scapula, the base or vertebral edge of which has a thin 
strip of cartilage (the suprascapular cartilage) continuous with it. Along the 
outer surface runs a ridge — the spine ; the spine ends below in a long process — 
the acromion process — from which a branch process or metacromion is given off 
behind. The part of the outer surface of the scapula in front of the spine is 
the prespinous or prescapular fossa, the part behind is the postspinous or 
postscapular fossa. At the narrow lower end of the scapula is a concave 
surface — ^the glenoid cavity — ^into which the head of the humerus fits, and 
immediately in front of this is a small inwardly curved process — the coracoid 
process — ^which is represented by two separate ossifications in the young 
Rabbit. A slender rod — the clavicle — ^lies obliquely in the region between the 
pre-sternum and the scapula, but only extends a part of the distance between 
the two tones, and in the adult is only connected with them through the 
intermediation of fibrous tissue. 

The skeleton of the fore-limb is more readily comparable with that of the 
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Lizard than that of the Bird ; but there is a difference in the position of the parts 
owing to the rotation backwards of the distal end of the humerus, all the seg- 
ments being thus brought into a plane nearly parallel with the median vertical 
plane of the body, with the pre-axial border directed outwards, and the original 
dorsal surface backwards. The radius and ulna are fixed in the position of 
pronation, i.e., the distal end of the radius is rotated inwards, so that, while the 
proximal end is external to the ulna, the distal end becomes internal, and the 
digits of the manus are directed forwards. 

At the proximal end of the humerus, are to be recognised : (i) a rounded 
head for articulation with the glenoid cavity of the scapula ; (2) externally a 



Fig. 452. — Lepns cunicnlus. 

Distal end of fore-arm and carpus, 
dorsal view, the bones bent 
towards the dorsal side so as to 
be partly separated, cent, cen- 
trale ; cun. cuneiform ; lun. 
lunar ; mag. magnum ; rad. 
radius ; sc. scaphoid ; trpz. trape- 
zoid ; trpm. trapezium ; uln. 
ulna; unc. unciform; I — V, 
bases of metacarpals. (After 
Krause.) 



Fig. 453. — Lepns cnniculus. 

Innominate bones and sacrum, 
ventral aspect, acet. acetabulum ; 
it. ilium; iscA. ischium; o/d. 
obturator foramen; pud. pubis; 
sacr. sacrum ; symphysis. 


greater and (3) internally a lesser tuberosity for the insertion of muscles ; (4) a 
groove, the bicipital groove, between the two tuberosities. On the anterior 
surface of the proximal portion of the shaft is a slight ridge, the deltoid ridge. 
At the distal end are two articular surfaces, one large and pulley-like — trochlea — 
for the ulna ; the other smaller — capiiellum — for the radius : laterally are 
two prominences or condyles, an internal and an external. 

The radius and ulna are firmly fixed together so as to be incapable of move- 
ment, but are not actually ankylosed. The radius articulates proximally with 
the humerus, distally with the scaphoid and lunar bones of the carpus. The ulna 
presents on the anterior aspect of its proximal end a deep fossa, the greater 
sigmoid cavity, for the trochlea of the humerus ; the prominent process on the 
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proximal side of this is the olecranon process. JDistally it articulates with the 
cuneiform. 

The carpal bones (Fig. 452), nine in number, are all small bones of irregular 
shape. Eight of these are arranged in two rows — a proximal and a distal; 
the ninth, centrale {cent.) , lies between the two rows. The bones of the proximal 
row are — taken in order from the inner to the outer side — scaphoid {sc.), lunar 
(or semi-lunar) {lun.), cuneiform {cun.), and pisiform. Those of the distal row 
are reckoned in the same order, trapezium {trpm.), trapezoid {trpz.), magnum 
{mag.), and unciform {unc.)."^ . 

The five metacarpals are all small but relatively narrow and elongated 
bones, the first being smaller than the rest. Each of the five digits has three 
phalanges, except the first, which has only two. The distal (ungual) phalanges 
are grooved dorsally for the attachment of the homy claw. 

■ The pelvic arch (Fig. 453) contains the same elements as in the Pigeon, but 
the union of the ilium with the sacrum is less intimate, the acetabulum is not 
perforated, and the pubes and ischia of opposite sides unite ventrally in a 
symphysis {sy.). The three bones of the pelvis — milium, pubis, and ischium — 
are separate ossification in the young Rabbit ; but in an adult animal complete 
fusion takes place between the bones. The ilium and ischium meet in the 
acetabulum or articular cavity, which they contribute to form, for the head of 
the femur ; but the remainder of the cavity is bounded, not by the pubis, but 
by a small intercalated ossification — the cotyloid bone. The ilium {il.) has a 
rough surface for articulation with the sacrum. Between the pubis {pub.) in 
front and the ischium {isch.) behind is a large aperture — the obturator foramen 
{obt.). The femur is rotated forwards when compared with that of the Lizard, 
so that the limb is nearly in the same plane as the fore-limb, and the pre-axial 
border is internal and the originally dorsal surface anterior. The femur has at 
its proximal end a prominent head for articulation with the acetabulum, external 
to this a prominent process — ^the great trochanter, and internally a much smaller 
— the lesser trochanter, while a small process or third trochanter is situated on the 
outer border- a little below the great trochanter. At its distal end are two 
prominences or condyles, with a depression between them. Two small sesamoids 
or fabellcB axe situated opposite the distal end on its posterior aspect ; and 
opposite the knee-joint, or articulation between the femur and the tibia, is a 
larger bone of similar character — the knee-cap or patella. The tibia has at its 
proximal end two articular surfaces for the condyles of the femur ; distally it 
has also two articular surfaces, one, internal for the astragalus, the other for 
the calcaneum. The fibula is a slender bone which becomes completely fused 
distally with the tibia. 

> The homologies of these bones are not quite certain, but are very probably as follows 
scaphoid •c-iadiale; lunar = ist centrale; cuneiform intermedium ; pisiform =: ulnarb; cen- 
trafe ■■ and centrale ; trapezium ist distale; trapezoid = 2nd distale; magnum = 3rd distale; 
unciform » 4th and distalia. 
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The tarsus (Fig. 454) Consists of six bones of irregular shape, arranged in two 
rows, one of the bones — the navicular {nav ,) — ^being intercalated between the 
two rows. In the proximal row are two bones — the astragalus {ast) and the 
calcaneum {cal ,) — ^both articulating with the tibia; the calcaneum presents 
behind a long calcaneal process. The distal row contains three bones, the 
meso-cuneiform, ecto-cuneiform, and cuboid {cub ,) ; the ento-cuneiform, which 
commonly forms the most internal member of this row in other Mammals, 
is not present as a separate bone.^ 



Fig. 454* — ^Lepiis cuni- 
CUlllS. Skeleton of pes. 
ast, astragalus ; cal, cal- 
caneum ; cub. cuboid ; cun, 
cuneiforms ; nav, navicular. 



noMpcLt 


Fig. 455. — ^Iiepus cunicolus. Vertical sec- 
tion through the anterior part of the nasal region 
of the head, inc, section of larger incisor 
tooth ; job, lumen of Jacobson's organ, sur- 
rounded by cartilage ; Icr, dct, lachrymal duct ; 
max, maxilla: max, trb, maxillary turbinals; 
nas, nasal bone : nas, pal, naso-palatine canal ; 
sept, cart, cartilaginous nasal septum. (After 
Krause.) 


There are four metatarsals, the hallux or first digit being vestigial and fused 
with the second metatarsal in the adult. The proximal end of the second is 
produced into a process which articulates with the navicular. Each of the 
digits has three phalanges, which are similar in character to those of the manus. 

The ooBlome of the Rabbit differs from that of the Pigeon and Lizard in 
being divided into two parts by a transverse muscular partition, the diaphragm. 

1 I& all probability the homologies of these bones are as follows ; — astragalus « tibiale + 
intermedium; calcaneum « fibulaxe;, navicular » centrale; ento-cuneiform « tst distale; ipeso- 
cuneiform 2nd distale ; ecto-cuneiform 3rd distale ; cuboid » 4th and 5th di^talia. 
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The anterior part, or thorax, contains the heart and the roots of the great vessels, 
the lungs and bronchi, and the posterior part of the oesophagus. The posterior 
part, or abdomen, contains the stomach and intestine, the liver and pancreas, 
the spleen, the kidneys, ureters and urinary bladder, and the organs of 
reproduction. 

Digestive Organs. — The teeth (Fig. 449) are lodged in sockets or alveoli in 
the premaxillse, the maxillae, and the mandible. In the premaxillae are 
situated four teeth — ^the four upper incisors. Of these the two anterior are 
very long, curved, chisel-shaped teeth, which are devoid of roots, growing 
throughout life from persistent pulps. Enamel is present, and forms a thick 
layer on the anterior convex surface, which accounts for the bevelled-off 
character of the distal end — the layer of enamel being much harder thain the 
rest, which therefore wears more quickly away at the cutting extremity of the 
tooth. Along the anterior surface is a longitudinal groove. The second pair 
of incisors of the upper jaw are small teeth which are lodged just behind the 
larger pair. In the lower jaw are two incisors, which correspond in shape 
with the anterior pair of the upper jaw, the main difference consisting in the 
absence of the longitudinal groove. The remaining teeth of the upper jaw are 
lodged in the maxillse. Canines, present in most Mammds as a single tooth on 
each side, above and below, are here entirely absent, and there is a considerable 
space, or diastema, as it is termed, between the incisors and the teeth next in 
order — the premolars. Of these there are three in the upper jaw and two in 
the lower. They are long, curved teeth with persistent pulps hke the incisors. 
The first of the upper jaw is smaller than the others and of simple shape, the 
rest have each a longitudinal groove on the outer side and a transverse ridge on 
the crown. The first premolar of the lower jaw has two grooves ; the second is 
similar to those of the upper jaw. Behind the premolars are the molars, three 
on each side both in the upper and lower jaws. These are similar to the 
upper premolars, except the last, which is small and of simple shape. 

Opening into the cavity of the mouth, or buccal cavity, are the ducts of four 
pairs of salivary glands — the parotid, the infraorbital, the sub^maxillary (Fig. 
456, s. mx. gl.), and the sub-lingual (s. gl.). On the floor of the mouth is the 
muscular tongue, covered with a mucous membrane which is beset with many 
papillse, on certain of which the taste-buds (p. in) are situated. The roof of 
the mouth is formed by the hard palate, which is crossed by a series of trans- 
verse ridges of its mucous membrane. Posteriorly the hard palate passes into f 
the soft palate, which ends behind in a free pendulous flap in front of the opening 
of the posterior nares. At the anterior end of the palate is a pair of openings — 
the naso-palatine or anterior palatine canals, leading into the nasal chambers, 
and into them open a pair of tubular structures — the organs of Jacobson (Fig. 
455. y^i.) — enclosed in cartilage and situated on the floor of the nasal cavities, 
l^hind the mouth or buccal cavity proper is the pharynx, which in the Rabbit 
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is not sharply marked oft from the buccal cavity, but begins where the hard 
palate ends. The pharynx is divided into two parts, an upper or nasal division 
and a lower or buccal division, by the soft palate. The passage of the pos- 
terior nares is continuous with the nasal division, at the sides of which are the 
openings of the Eustachian tubes. The nasal division is continuous with the 
buccal division round the posterior free edge of the soft palate. From the 
buccal division leads ventrally the slit-like opening of the glottis^ into the 
larynx and trachea ; overhanging the glottis is a leaf-Uke movable flap (Fig. 
456, ep.) formed of a plate of yellow elastic cartilage covered with mucous 
membrane ; this is the epiglottis. Behind, the pharynx becomes continuous 



Fig. 456. — Lepus cuniculus. Lateral dissection of the head, neck, and thorax. The head 
and spinal column are represented in mesiad vertical section ; the left lung is removed ; the 
greater part of the nasal septum is removed so as to show the right nasal cavity with its turbinals. 
aoYt, dorsal aorta ; 6. hy, basi-hyal ; chi. cerebellum ; cer. cerebral hemispheres ; cor, v, coronary 
vein ; dia. diaphragm ; ep. epiglottis ; eu. opening of Eustchian tube into pharynx ; lar, larynx ; 
1. j. V. left jugular vein ; h sb. a. left subclavian artery ; 1. sb. v. left subclavian vein ; max. maxilla ; 
nied. medulla oblongata ; mes.eth. mesethmoid ; mx. trb. maxillo-turbinal ; ces. oesophagus ; 
olf. olfactory bulb ; pi. art. pulmonary artery ; p.max. premaxilla ; pr.st. presternum ; pL c, 
post-caval vein ; rt. t. Ing. root of left lung witili bronchus and pulmonary veins and artery cut 
across ; s. gl. sub-lingual salivary glands ; 5. mx. gld. sub-maxillary salivary gland ; st. sternebrae ; 
tng. tongue ; tr. trachea ; trb. ethmo-turbinals ; vel. pi. soft palate. 


with the oesophagus or gullet {ces.). The latter is a narrow but dilatable mus- 
cular tube which runs backwards from the pharynx through the neck and thorax 
to enter the cavity of the abdomen through an aperture in the diaphragm, and 
opens into the stomach. 

The stomach (Fig. 457) is a wide sac, much wider at the cardiac end,' at 
which the oesophagus enters, than at the opposite or pyloric end, where it 
passes into the small intestine. The small intestine is an elongated, narrow, 
greatly coiled tube, the first part of which, or duodenum {du. and du'.), forms a 
U-shaped loop. The large intestine is a wide tube, the first and greater part 

^ The term glottis is more strictly applied not to this slit, but to the slit-like aperture between 
two folds of the mucous membrane within the larynx — the vocal cords — ^which consitute the chief 
parts of the vocal apparatus. 
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Fig. 457. — ^Iiepns cuniculus. The stomach, duodenum, posterior portion of rectum and 
liver (in outline) with their arteries, veins and ducts. A , the coeliac artery of another specimen 
(both X I). The gullet is cut through and the stomach somewhat displaced backwards to show 
the ramifications of the coeliac artery {cop. a ,) ; the duodenum is spread out to the right of the 
subject to show the pancreas (pn.) ; the branches of the bile-duct {c. b, d.), portal vein (p. r.), and 
hepatic artery (A. a.) are supposed to be traced some distance into the various lobes of the liver. 
a, fk. a. anterior mesenteric artery ; cau, caudate lobe of liver with its artery, vein and bile-duct ; 
c. b, d, common bile-duct ; cd» st. cardiac portion of stomach ; c. il, a. common iliac artery ; 
cofi, a. coeliac artery ; cy. a. cystic artery ; cy. d, cystic duct ; d, ao. dorsal aorta ; du, proximal, 
and du\ distal limbs of duodenum; du, a, duodenal artery; du, h. a. (in A), duodeno-hepatic 
artery ; g. a, gastric artery and vein ; g, b, gall-bladder ; h, a, hepatic artery ; h. d, left hepatic 
duct ; I, c. left central lobe of liver, with its artery, vein and bile-dpct ; /. g, v, lieno-gastric vein ; 
I, I, lateral lobe of liver with its artery, vein and bile-duct ; ms, branch of mesenteric artery and 
vein to duodenum ; ms, r, mesorectum ; m, v, chief mesenteric vein ; oss, oesophagus ; p. m, a, 
posterior mesenteric artery ; p. m. v. posterior mesenteric vein ; pn. pancreas ; f>n. d. pancreatic 
duct ; p, V, portal vein ; py, st, pyloric portion of stomach ; ret, rectum ; v, c, right central lobe 
of liver, with ar^y, vein and bile-duct ; spg. Spigelian lobe of liver with its artery, vein and bile- 
duct ; spl, spleen ; $p, a, splenic artery, (From Parker’s Zootomy,) 
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of which, termed the colon, has its walls sacculated, and is continued into a 
narrow, smooth-walled posterior part or rectum {ret.). At the junction of the 
small with the large intestine is a very wide blind tube, the cacum, which is 
of considerable length and is marked by a spiral constriction, indicating the 
presence in its interior of a narrow spiral valve. At its extremity is a small, 
fleshy, finger-like vermiform appendix. 

The intestine, like that of the Pigeon, is attached throughout its length to 
the dorsal wall of the abdominal cavity by a mesentery, or fold of the lining 
membrane or peritoneum. 

The liver is attached to the diaphragm by a fold of the peritoneum. Its 

substance is partly divided by a series of 
fissures into five lobes. A thin-walled 
gall-bladder lies in a depression on its 
posterior surface. The common bile-duct 
{c. b. d.), formed by the union of the cystic 
duct from the gall-bladder and hepatic 
ducts from the various parts of the liver, 
runs to open into the duodenum near 
the pylorus. 

The pancreas (pn.) is a diffused gland 
in the fold of mesentery passing across 
the loop of the duodenum. Its single 
duct, the pancreatic duct {pn. d.), opens 
into the distal limb of the loop. 

Cireulatory Organs. — The heart (Fig. 
458) is situated in the cavity of the 
thorax, a little to the left of the middle 
line, and lies between the two pleural 
sacs enclosing the lungs. Between the 
pleural sacs is a space, the mediastinum 
(Pig. 461). This is divisible into four parts, the anterior, the dorsal, the middle, 
and the ventral. In the anterior part lie the posterior part of the trachea, 
the neighbouring parts of the oesophagus and of the thoracic duct of the 
l37mphatic system, the roots of the great arteries and the veins of the pre-caval 
system, and the phrenic, pneumogastric, and other nerves. In the dorsal part 
are situated the posterior part of the oesophagus, the thoracic part of the dorsal 
aorta, the pneumogastric nerve, the azygos vein, and the thoracic duct. The 
middle part is the widest, and lodges the heart and roots of the aorta and 
pulmonary artery enclosed in the pericardium, the posterior portion of the 
pre-caval veins, the phrenic nerves, the terminal part of the azygos vein, and 
the roots of the lungs. The ventral, part contains only areolar tissue with the 
thymus gland. The pericardial membrane enclosing the heart consists of two 


r^pr.e 



Fig. 458. — Lepns cnnicnlus. Heart, 
seen from the right side, the walls of the 
right auricle and right ventricle partly 
removed so as to expose the cavities. 
ao. aorta ; -f, ov, fossa ovalis ; /. pr, c. 
opening of left pre-caval; m, pap, mus- 
culi papillares ; pt. c. post-caval ; pt. g\ 
opening of post-caval, with Eustachian 
valve below ; r. pf. c, right pre-caval ; 
t. pul, right pulmonary artery; sem. v, 
semilunar valves ; tri. v. tricuspid valve. 
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layers, a parietal, forming the waU of the pericardial cavity, and a visceral, 
immediately investing the heart. Between the two is a narrow cavity contain- 
ing a little fluid — ^the pericardial fluid. In general shape the heart resembles 
the heart of the Pigeon, with the apex directed backwards and slightly to the 
left, and the base forwards. Like that of the Pigeon, it contains right and left 
auricles and right and left ventricles, the right and left sides of the heart having 
their cavities completely separated off from one another by inter-auricular and 
inter-ventricular partitions. 

Into the right auricle open three large veins — the right and left pre-caval veins 
and the single post-caval — the' first into the anterior part, the second into the 
left-hand side of the posterior portion, and the third into the dorsal surface 
(Fig. 458). Projecting forwards from it is an ear-like auricular appendix, the 
inner surface of which is raised up into numerous cords of muscular fibres, the 
musculi pectinati. A membranous fold, the remnant of the foetal Eustachian 
valve, extends from the opening of the post-caval forwards towards the auricular 
septum. The opening of the left pre-caval is bounded behind by a crescentic 
fold, the valve of Thebesius. On the septum is an oval area where the partition 
is thinner than elsewhere ; this is the fossa ovalis (/. ov.) : it marks the position 
of an aperture, the foramen ovale, in the foetus. The crescentic anterior rim 
of the aperture is known as the annulus ovalis. The cavity of the right auricle 
communicates with that of the right ventricle by the wide right auriculo- 
ventricular opening. This is guarded by a valve, the tricuspid (tri. v.), composed 
of three membranous lobes or cusps, so arranged and attached that while they 
flap back against the walls of the ventricle to allow the passage of blood from 
the auricle to the ventricle, they meet together across the aperture so as to close 
the passage when the ventricle contracts. The lobes of the valve are attached 
to muscular processess of the wall of the ventricle, the musculi papillares (m. 
pap.), by means of tendinous threads called the chorda tendinece. The right 
ventricle, much thicker than the auricle,"forms the right side of the conical 
apical portion, but does not extend quite to the apex. Its walls are raised up 
into muscular ridges called columna carnece. It gives off in front, at its left 
anterior angle, the pulmonary artery, the entrance to which is guarded by 
three pouch-like semilunar valves (sem. v,). - 

The left auricle, like the right, is provided with an auricular appendix. Into 
its cavity on its dorsal aspect open together the right and left pulmonary veins. 
A large left auriculo- ventricular opening leads from the cavity of the left 
auricle into that of the left ventricle : this is guarded by a valve, the mitral 
consisting of two membranous lobes or cusps with chordae tendineae and musculi 
papillares. In the walls of the ventricle are colunmae cameae, rather more 
strongly developed than in the right. At the basal (anterior) end of the left 
ventricle is the opening of the aorta, guarded by three semilunar valves similar 
to those at the entrance of the pulmonary autery. The coronary arteries, which 
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supply the muscular substance of the heart, are given off from the aorta just 
beyond the semilunar valves. The corresponding vein opens into the terminal 
part of the left pre-caval. The pulmonary artery divides into two, a right and a 
left, each going to the corresponding lung. 

The aorta gives origin to a system of arterial trunks by which the arterial 
blood is conveyed throughout the body. It first runs forwards from the base 
of the left ventricle, then bends round the left bronchus, forming the arch of the 
aorta (Fig. 459), to run backwards through the thorax and abdomen, in close 
contact with the spinal column, as the dorsal aorta {d. ao.). From the arch 
of the aorta are given off two large arteries, the innominate {in.) and the left 
subclavian. The innominate divides to form the right subclavian {s.cl. a.) and 
the right {r. c. c.) and left { 1 . c. c.) common carotid arteries. The right subclavian 
passes to the fore-limb as the brachial artery, giving origin first to the vertebral 
artery, which, after passing up through the vertebrarterial canal, enters the 
cranial cavity, having first supplied branches to the spinal cord ; and then to 
the anterior epigastric or internal mammary, which supplies the side of the chest 
behind the root of the fore-limb. The right carotid divides opposite the angle 
of the jaw into internal and external carotids. The left carotid and left sub- 
clavian correspond in their distribution and branching to the right carotid and 
right subclavian respectively. The aorta, in passing through the thorax, gives 
off a series of small paired intercostal arteries {i.cs.). In the abdomen its first 
large branch is the cceliac artery {cce.), which supplies the liver, stomach, and 
spleen. Behind this it gives origin to the anterior mesenteric {a. m.), which 
supplies the intestine and the pancreas. Opposite the kidneys it gives off the 
two renal arteries (r.) for the supply of these organs, and a good deal farther 
back the spermatic {spm.) or ovarian arteries for the testes or ovaries as the case 
may be. Just in front of the origin of the spermatic arteries is given off a 
posterior mesenteric {p. m.), which supplies the hinder part of the rectum. A 
series of small lumbar arteries supply the side-walls of the abdominal cavity. 
Posteriorly the dorsal aorta divides to form the two common iliac arteries (c. 
il. a.) which supply the pelvic cavity and hind-limbs, a small median sacral 
{caudal) artery {ms. c.) passing backwards in the middle line to supply the caudal 
region. 

The S5^tem of caval veins which open into the right auricle consists of the 
right and left pre-cavals and of the single post-caval. The right pre-caval is 
formed by the union of the right jugular {e.ju.) vein and right subclavian {scl. v.). 
The azgyos vein {az. v.), the right anterior intercostal {i.cs.), and the right anterior 
epigastric or internal mammary also opens into it. The left pre-caval receives 
a SMies of veins similar to those forming the right, except that there is no 
azygos on the left side. 

The post-caval vein {pt. c.) is formed in the hinder part of the abdominal 
cavity by the union of the internal iliacs (*. U. v.) bringing the blood from the 
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Fig. 4 59. — ^LepUS cimiculus. The vasculax system. The heart is somewhat displaced towards 
the left of the subject ; the arteries of the right and the veins of the left side are in great measure 
removed, a, $pg, internal mammary or anterior epigastric artery ; a, /. anterior facial vein ; a. m. 
anterior mesenteric artery ; a. ph, anterior phrenic vein ; az, v, azygos vein ; br, brachial artery ; 
c, il, a, common iliac artery ; c, il, v, hinder end of post-caval ; coe, coeliac artery ; d, ao. dorsal 
aorta ; e, c. external carotid artery ; e, il, a, external iliac artery ; e, il, v. external iliac vein ; 
e. ju, external jugular vein; fm. a. femoral artery; fm, v, femoral vein; h, v, hepatic veins; 
i, c, internal carotid artery ; i,cs, intercostal vessels ; i,ju, internal jugular vein ; i, 1. ilio-lumbar 
artery and vein ; in, innominate artery ; /. au, left auricle ; I, c, c, left common carotid artery ; 
1. pr, c, left pre-caval vein ; /. v, left ventricle ; w. sc, median sacral artery ; p, a, pulmonary artery ; 
p, epg, posterior epigastric artery and vein ; p, f. posterior facial vein ; p, m, posterior mesenteric 
artery ; p, ph, posterior phrenic veins ; pt, c, post-caval vein ; p, v. pulmonary vein ; r. renal 
artery and vein ; r. au, right auricle ; r. c, c, xi^ht common carotid artery ; r. pr, c, right pre-caval 
vein ; r, v. right ventricle ; scl, a, right subclavian artery ; scl, v. subclavian vein ; spm, spermatic 
artery and vein ; s, vs. superior vesical artery and vein ; ut. uterine artery and vein ; vr. vertebral 
artery. (From Parker's Zootomy.) 
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back of the thighs. Shortly after its origin it receives tlie two ’External iliacs 
{e. il, V.) coming from the hind-limb. In front of this a pair of ilio 4 umbar {i. 1 .) 
veins join it ; a little farther forward a pair of spermatic {spm) or ovarian veins ; 
and opposite the kidneys a pair of renal veins (r.). From the liver the blood is 
carried to the post-caval by the hepatic veins. A pair of small posterior phrenic 
veins {p, ph) bring the blood from the diaphragm and open into the post-caval 
as it passes through the substance of the latter. 

The hepatic portal system consists, as in other Vertebrates, of a system of 


veins conveying blood from the various 
parts of the alimentary canal to the 
liver, the trunks of the system uniting 
to form the single large portal vein 
(Fig. 457, p. V.). The principal veins 
of the portal system are the lieno^ 
gastric, duodenal, anterior mesenteric, 
and posterior mesenteric. There is no 
trace of a renal portal system. The 
red blood corpuscles are circular, bi- 
concave, non-nucleated discs. 



Fig. 46 o.-~Lepa 8 cnniculas. Larynx. 
A , ventral view ; B, dorsal view. ary. 
arytenoid ; cr, cricoid ; ep. epiglottis ; 
sant, cartilage of Santorini ; th, th3rroid ; 
tr, trachea. (From Krause, after 
Schneider.) 



Fig. 461 — Lepos cuniculns. Diagram 
of a transverse section of the thorax in the 
region of the ventricles to show the relations 
of the pleurae, mediastinum, etc. The lungs 
are contracted, aort, dorsal aorta; az, v, 
azygos vein ; cen^. centrum of thoracic 
vertebra ; /. ing, left lung ; /. pi, left pleural 
sac ; /. venl, left ventricle ; my. spinal cord ; 

oesophagus ; par. per. parietal layer of 
pericardium ; pi, cav. post-caval, close to its 
entrance into right auricle; r. Ing, right 
lung ; r. pi. right pleural cavity ; n vent, 
right ventricle ; st. sternum ; v. med, ventral 
mediastinum. 


Hespiratory Organs. — The larynx (Fig. 460) is a chamber with walls sup- 
ported by cartilage, Ijdng below and somewhat behind the pharynx, with which 
it communicates through a slit-like aperture. The cartilages of the larynx are, 
in addition to the epiglottis, which has been already referred to (p. 502), the 
)arge thyroid {th.), which forms the ventral and lateral walls, the ring-like 
cricoid {cr.), the twp small arytenoids {ary.), and a pair of sihall nodules, the 
cartilages of Santorini {sant.), situated at the apices of the aiytenoids. The 
vocal cords extend across the cavity from the thyroid below to the arytenoids 
above. Leading backwards from the larjmx is the trachea or wind^jnpe (Fig. 
460, tr.). a long tube the wall of which is supported by cartSag^oos rings which 
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are incomplete dorsally. The trachea enters the cavity of the thorax, and there 
divides into the two bronchi, one passing to the root of each lung. 

The lungs (Fig. 461) are enclosed in the lateral parts of the cavity of the 
thorax. Each lung lies in a cavity, the pleural sac, lined by a pleural mem- 
brane. The right and left pleural sacs are separated by a considerable interval 
owing to the development in the partition between them of a space, the medias- 
tinum, in which, as already explained, lie the heart and other organs. The lung 
is attached only at its root, where the pleural membrane is reflected over it. 
In this respect it differs widely from the lung of the bird. It differs also in its 
minute structure. The bronchus, entering at the root, divides and subdivides 
to form a ramif5dng system of tubes, each of the ultimate branches of which, or 
terminal bronchioles, opens into a minute chamber or infundibulum, consisting 
of a central passage and a number of thin-walled air-vesicles or alveoli given off 
from it. A group of these infundibula, supplied by a single bronchiole, which 
divides within it to form the terminal bronchioles, is termed a lobule of the 
lung. 

In shape the lung may be roughly described as conical, with the apex 
directed forwards. The base, which is concave, lies, when the lung is distended, 
in contact with the convex anterior surface of the diaphragm. The outer or 
costal surface is convex in adaptation to the form of the side-wall of the thorax ; 
the internal surface is concave. 

Ductless Glands. — The spleen is an elongated, compressed, dark-red body 
situated in the abdominal cavity in close contact with the stomach, to which it 
is bound by a fold of the peritoneum. The thymus, much larger in the young 
Rabbit than in the adult, is a soft mass, resembling fat in appearance, situated in 
the ventral division of the mediastinal space below the base of the heart. The 
thyroid is a small, brownish, bilobed, glandular body situated in close contact 
with the ventral surface of the lar5mx. 

Nervous System. — The neural cavity, as in the Pigeon, contains the central 
organs of the cerebro-spinal nervous system — ^the brain and spinal cord. The 
brain (Figs. 462, 463, 464) of the Rabbit contains the same principal parts as 
that of the Pigeon, with certain differences, of which the following are the 
most important. 

The surface of the cerebral hemispheres or parencephala (Fig. 462, /. b.. 
Fig. 463, c. h.), which are relatively long and narrow, presents certain depres- 
sions or sulci, which, though few and indistinct, yet mark out the surface into 
lobes or convolutions not distinguishable in the case of the Pigeon or the Lizard. 
A slight depression — the Sylvian fissure — at the side of the hemisphere separates 
off a later^ portion, or temporal lobe (Fig. 464, c. h,^), from the rest. There 
are voy large club-shaped olfactory bulbs at the anterior extremities of the 
(^rebral hemispheres, and behind each on the ventral surface of the hemi- 
sphere is the corresponding olfactory tract leading back to a slight rounded 
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elevation, the tuberctdum olfactorium. Connecting together the two hemispheres 
is a commissural structure — ^the corpus callosum (Figs. 463, 464, cp. cl .) — ^not 
present in the Pigeon ; this runs transversely above the level of the lateral 
ventricles. Examined in transverse section, i.e., in a longitudinal section of the 
brain (Fig. 464), the corpus callosum is seen to bend slightly downwards. 



Fig. 462. — ^Lepns cnnicalas. Braini A. dorsal, B, ventral, C, lateral view. b. 0. oliactory 
bulb ; cb'. median lobe of cerebellum (vermis) ; cb". lateral lobe of cerebellum ; cr. crura cerebri ; 
ep, epiphysis ; /. b. parencephala ; /. p, longitudinal fissure ; h, b. cerebellum ; hp. hypophysis * 
m, b. mid-brain (corpora quadrigemina) ; md, medulla oblongata ; pv, pons Varolii, the ^ansverse 
fibres of which are here not indicated ; cerebral nerves. (From Wiedersheim.) 

forming what is termed the gmu ; posteriorly it bends downwards and forwards, 
forming the spienium, which passes forwards and is united with the fornix. 
Below the corpus callosum is anotho: characteristic structure of a commissuril 
nature — the fornix (b.fo.) — a narrow median strand of longitudinal fibres, which 
bifurcates both anteriorly and posteriorly to form the so-called pHtars of the 
fornix — ^anterior (Figs. 463 and 464, a. fo.), and posterior (Fig. 463, ;^./o.). 
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Below the corpus callosum, between it and the fornix, the thin inner walls of 
the hemispheres {septum lucidum, sp, lu) enclose a small, laterally compressed 
cavity, the so-called fifth ventricle or pseudocode, this is not a true brain-ventricle, 
but merely a space between the closely-apposed hemispheres. 

The lateral ventricles of the cerebral hemispheres are much more extensively 
developed than in the brain of the Pigeon, and of somewhat complex shape. 



Fig. 463. — Lepas coniculus. Two dissections of the brain from above (nat. size). In ^4 
the left parencephalon is dissected down to the level of the corpus callosum : on the right the 
lateral ventricle is exposed. In B the cerebral hemispheres are dissected to a little below the level 
of the genu of the corpus callosum ; only the frontal lobe of the left hemisphere is retained ; of 
the right a portion of the temporal lobe also is left ; the velum interpositum and pineal body are 
removed, as well as the greater part of the body of the fornix, and the whole of the left posterior 
pillar ; ttie cerebellum is removed with the exception of a part of its right lateral lobe, a, co, 
anterior commissure ; a. fo. anterior pillar of fornix ; a. pn, anterior peduncles of cerebellum ; 
h. fo. body of fornix; cb^. superior vermis of cerebellum; cb^, its lateral lobe; c. gn. corpus 
geniculatum ; c. h. cerebral hemisphere ; ch. pi. choroid plexus ; cp. cl. corpus callosum ; cp. s. 
corpus striatum ; c. rs. corpus restiforme ; d. pi. dorsal pyra^lid ; fl. flocculus ; hp.m. hippo- 
campus ; w. CO. middle commissure ; o. l^. anterior, and o. /*. posterior lobes of corpora quadri- 
gemina ; olf. olfactory bulb ; o. tK optic thalamus 'r o. tr. optic tract ; p. co. posterior commissure ; 
p. fo. posterior pillar of fornix (taenia hippocampi) ; pn. pineal body ; pd. pn. peduncle of pineal 
body ; p. pn. posterior peduncles of cerebellum ; p. va. fibres of pons Varolii forming middle 
peduncles of cerebellum ; sp. hi. septum lucidum ; si. 1 . stria longitudinalis ; t. s. taenia semi- 
circularis (narrow band of white matter between corpus striatum and optic thalamus) ; v. vn, 
valve of Vieussens ; t»*, third ventricle ; v*, fourth ventricle. (From Parker's Zootomy.) 


Each consists of a middle portion of hoiy roofed over by the corpus callosum, a 
narrow anterior prolongation, or anterior cornu, a posterior cornu, which runs 
backwards and inwards, and a descending cornu, which passes at first almost 
directly outwards, then downwards, and finally inwards and forwards. On 
the floor of the body of the ventricle, and continued along the Whole extent of 
the descending cornu, is a prominent ridge of nearly semicircular transverse 
section — the hippocampus {hp. m .) ; this corresponds in position with a groove. 
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the hippocampal sulcus, on the inner surface of the temporal lobe. Internally 
the two hippocampi merge in a median commissural area — ^the psalterium or 
lyra {ly.). 

Running along the anterior edge of the hippocampus is a ridge of fibres — the 
Usnia hippocampi or fimbria — which passes down into the descending cornu. 
The union of the two taeniae forms a median longitudinal strand, the body of 
the fornix, which, as already explaiined, lies below the corpus cadlosum, con- 
tinuous with the splenium of the latter behind, but diverging from it anteriorly 
by dipping down towards the base of the brain. In the angular space between 
the corpus cadlosum and the fornix below is the septum lucidum with the 
“ fifth ventricle.” The taeniae hippocampi are the posterior pillars of the fornix 
(Fig. 463, p.fo.) ; the anterior pillars (a. fo.) are a pair of vertical bands which 



Fig. 464. — Lepus cmucnliui. Longitudinal vertical section of the brain (nat. size). Letters as 
in preceding figure ; in addition — cb, cerebellum, showing arbor vitae ; c. c. crus cerebri ; c. 
parencephalon ; c. k^. temporal lobe ; c. ma. corpus mammillare ; /. w. foramen of Monro ; inf. 
infundibulum ; ly. psalterium or lyra ; m. o. medulla oblongata ; o. ch. optic chiasma ; olf. 
olfactory bulb ; pty. pituitary body ; p, va. pons Varolii ; vl. ip. velum interpositum ; v, vn. 
valve of Vieussens ; J/, optic nerve. (From Parker's Zoo/owy.) 


pass from the anterior end of the body downwards to the corpus mamm i llar y 
{see below) at the base of the diencephalon. 

L3dng immediately in front of the hippocampus is a vascular membrane, the 
choroid plexus {ch. pi.) ; this passes inwards to join its fellow of the opposite 
side through a transverse passage, the foramen of Monro (/. m.), which opens 
behind into the diacoele. The floor of the anterior cornu is formed of an emi- 
nence of grey matter — the corpus striatum {cp. s.). The right and left corpora 
striata are connected together by a narrow transverse band of white fibres — ^thte 
anterior commissure {a. co.)-^ituated in front of the anterior pillars of the fornix. 

The diacoele (t/*,) is a laterally compressed cavity, the roof of which is formed 
by a delicate vascular membrane, the vehm interpositum {vl. ip.), in which there 
is a network of blood-vessels {choroid plexus of the diacoele) continuous with the 
choroid plexuses of the lateral ventricles. From the posterior part of the roof 
of the diacoele rise the peduncles of the pineal body. The optic tiudami (0. th.) 
are large masses of mixed grey and white matter forming the lateral portions 
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of the diencephalon ; they arc connected together by a thick mass of grey 
matter, the middle or soft commissure {m. co.), not represented in lower verte- 
brates, passing across the diacoele. A rounded elevation near the anterior end 
of the external surface of each thalamus is the corpus geniculatum {c. gn.). 
The anterior boundary of the diacoele is a thin vertical lamina — the lamina 
ierminalis — of which the septum luddum is a mesial anterior prolongation. 
The floor of the diencephalon is produced downward into a mesial process, the 
tuber cinereum or infund,ibulum {inf.), to which the pituitary body is attached. 
In front of this, on the ventral aspect of the brain, is a thick transverse band 
of nerve-fibres, the united optic tracts, from the anterior border of which the 
optic nerves are given off. Behind the tuber cinereum, and formed as a thicken- 
ing of its posterior wall, is a rounded elevation, the corpus mammiUare (c. ma.). 

In the mid-brain the dorsal part is remarkable for the fact that each optic 
lobe is divided into two by a transverse furrow, so that two padrs of lobes (o, P-., 
O.P.), the corpora quadrigemina, are produced. Between the anterior lobes 
passes the delicate posterior commissure (p. co.). On the ventral region of the 
mid-brain the crura cerebri are far more prominent than in the lower groups. 
In the hind-brain the cerebellum (Fig. 46a, cb'., cb”.) is very large ; it consists 
of a central lobe or vermis and two lateral lobes, divided by very numerous 
fissures or sulci into a large number of small convolutions. Each lateral lobe 
bears an irregularly-shaped prominence, the flocculus. On section (Fig. 464, 
cb.) the cerebellum exhibits a tree-like pattern {arbor vita) brought about by 
the arrangement of the white and grey matter. On the ventral aspect of the 
hind-brain a flat band of transverse fibres — the^ows Varolii — connects together 
the lateral parts of the cerebellum. The cerebellum is attached to the other 
parts of the brain by three pairs of peduncles, the anterior, connecting it with 
the posterior optic lobes, the middle, passing on each side into the pons Varolii, 
and the posterior, connecting it with the dorsal portion of the medulla oblongata. 
Between the anterior peduncles extends a transverse band, the valve of Vieussens 
(Fig. 464, V. vn.), connected by its anterior edge with the corpora quadrigemina. 
Behind this is a short tract of transverse fibres — the corpus trapezoideum — and 
behind this again is a slightly elevated area marking the position of the olivary 
body. The floor of the fourth ventricle presents a median groove which ends 
posteriorly in a pointed depression — calamus scriptorius — ^leading into the 
central canal of the spinal cord. 

The Rabbit, like most other vertebrates, possesses a sympathetic nervous 
system, consisting of a series of ganglia united together by commissural nerves, 
and giving off branches to the various internal organs. Two sympathetic 
ganglia are situated on each side in the neck — the anterior and posterior cervical 
ganglia. From the anterior nerve-branches pass forwards to enter the cranial 
cavity ; from the posterior a nerve-cord passes backwards to the first thoracic 
gan gliAn Of the thoTocic gaf^lia there are twelve on each side. From one of 
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the more posterior of these originates the splanchnic nerve, which passes back- 
wards into the abdomen, ending in a ganglion — the cceliac — connected with an 
extensive nerve-plexus, the cceliac plexus. In the abdomen there are, on each 
side, twelve ganglia, the chain ending behind in a single ganglion impar. 

In the organs of special sense the following special features are to be seen 
when a comparison is made with the Pigeon or Lizard. In the eye, the sclerotic 
is composed entirely of dense fibrous tissue; the pecten is absent. In the 
internal ear the principal point of difference is in the special development of the 
cochlea. This part of the membranous labyrinth, instead of retaining the simple 



Fig. 465. — LepiU cmucnlus. The urinogenital organs; A, of male; B, of female; from 
the left side (half nat. size). The kidneys and proxim^ ends of the ureters, in A the testes, and 
in B the ovaries. Fallopian tubes and uteri, are not shown, aw. anus; W. urinary bladder; 
c, c, corpus cavernosum ; c. s. corpus spongiosum ; c, gl, Cowper's gland ; g. cL apex of clitoris ; 
g, p, apex of penis ; p. gl, perineal gland ; p, gV. aperture of its duct on the perineal space ; pr, 
anterior, pr', posterior, and pt", lateral lobes of prostate ; ret, rectum ; y. gl, rectal gland ; u. g, 41, 
urinogenital aperture ; «. m, uterus masculinus ; ur, ureter ; va, vagina ; vh, vestibule ; v. d, vas 
deferens. (From Parker's Zootomy,) 

curved form which it presents in the Bird, is coiled on itself in a close spiral of 
two-and-a-half turns. The spiral channel in the substance of the bone, in which 
this cochlear spiral runs, contains three passages ; the middle one, much the 
smallest, being the membranous cochlea, the uppermost the scala vesiibuU, and 
the lowermost the scala tympani. 

The special features of the middle ear with its auditory ossicles, and of the 
external ear, have been already referred to (p. 497). 

Urinogenital Organs. — ^The kidneys are of somewhat compressed oval shape, 
with a notch or hilus on the inner side. They axe in close contact with the d<Hsal 



PHYLUM CHORDATA 


515 


wall of the abdominal cavity, the right being somewhat in advance of the left. 
Towards the hilus the tubules of the kidney converge to open into a wide 
chamber — the pelvis — ^which forms the dilated commencement of the ureter. 
__When the kidney is cut across, its substance is seen to be divided into a central 
mass or medulla and a peripheral portion or cortex. An adrenal {suprarenal) 
body lie? in contact with the anterior end of each kidney. The ureter (Fig. 
465, ur.) runs backwards to open, not into a cloaca, but directly into the 
urinary bladder (bl.). The latter is a p5niform sac with muscular walls which 
vary in thickness according as the organ is dilated or contracted. In the male 
the openings of the ureters are situated nearer the posterior narrower end or 
neck than in the female. 

In the male Rabbit the testes 
are oval bodies, which, though in 
the young animal occup3dng a 
similar position to that which 
they retain throughout life in the 
Pigeon, pass backwards and down- 
wards as the animal approaches 
maturity, until they come to lie 
each in a scrotal sac situated at the 
side of the urinogenital opening. 

The cavity of each scrotal sac i.s 
in free communication with the 
cavity of the abdomen by an 
opening — the inguinal canal. The 
sperms have an oval compressed 
" head ” 0-005 in length 

and a slender “ tail ” 0-045 mm. 
long. A convoluted epididymis, 
closely adherent to the testis, 
forms the proximal part of the vas deferens. The tasa deferentia (v.d.) 
terminate by opening into a urinogenital canal, or urethra, into which the neck 
of the urinary bladder is continued. A prostate gland (pr.) surrounds the com- 
mencement of the urethra, the neck of the bladder, and the terminal part of the 
vasa deferentia. A diverticulum of the urethra — the uterus masculinus («. m .) — 
lies embedded in the prostate gland close to the neck of the bladder. A small 
pair of ovoid glands, Cowper’s glands {c. gl.), lie just behind the prostate close 
to the side of the urethra. 

The terminal part of the urethra traverses a cord of va.scular tissue, the 
corpus spongiosum (c. s.), which forms the dorsal portion of the penis. The 
greater part of the penis is formed of two closely approximated firm cores of 
vascular tissue — the corpora cavernosa {c. c.), which are attached proximally 



Fig. 466. — Lepus ouniculus. The anterior end 
of the vagina, with the right uterus. Fallopian tube 
and ovary (nat. size). Part of the ventral wall of 
the vagina is removed, and the proximal end of the 
left uterus is shown in longitudinal section, fl. t. 
Fallopian tube ; /?. its peritoneal aperture ; 

/. uL left uterus ,* /. ut\ left os uteri ; ov. right ovary ; 
r. ut. right uterus ; r. ut\ right os uteri ; s. vaginal 
septum ; va. vagina. (From Parker's Zootomy,) 
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to the ischia, and terminate in a pointed apex {g. p.). A loose fold of skin, the 
prepuce, encloses the penis. A pair of glands with an odorous secretion, 
the perineal glands {p. gl.), open on the perineal space at the base of 
the penis : two similar glands, the rectal glands {r. gl.), lie on either side of the 
rectum. 

In the female the ovaries (Fig. 466 ov.) are small ovoid bodies attached to 
the dorsal waU of the abdomen behind the kidneys. The Graafian follicles 
enclosing the ova form only very small rounded projections on their outer 

surface. 

The oviducts in the anterior part of 
their extent {Fallopian tubes, fi. t.) are 
very narrow and slightly convoluted. 
They open into the abdominal cavity 
by wide funnel-shaped openings (fi. t'.) 
with fimbriated or fringed margins. 
Posteriorly each passes into a thick- 
walled uterus {r. ut.). The two uteri 
open separately into a median tube, the 
vagina (va.). The vestibule (Fig. 465 B, 
vb.), or urinogenital canal, is a wide 
median passage, into which the vagina 
and the bladder open. On its ventral 
wall is a small, hard, rod-like, body, the 
clitoris (c. c.), with a pointed apex 
{g. cl.), corresponding to the penis of 
the male, and composed of two very 
short corpora cavernosa attached anteri- 
orly to the ischia, and invested internally 
by a soft, grooved corpus spongiosum. 
The vulva, or external opening of the 
vestibule, is bounded laterally by two 
prominent folds — the labia majora. 

Developmeiit.^The Rabbit is viviparous. The ovum, which is of relatively 
small size, after it has escaped from its Graafian follicle, passes into the Fallopian 
tube, where it becomes fertilised, and then reaches the uterus, in which it 
develops into the foetus, as the intra-uterine embryo is termed. The young 
animal escapes from the uterus in a condition in which all the parts have become 
fuUy formed, except that the eyelids are closed and the hairy covering is not 
yet completed. ' As many as eight or ten yoimg are produced at a birth, and the 
period of gestation, i.e., the time elapsing between the fertilisation of the ovum 
and the birth of the young animal, is thirty daj^. Fresh broods may be bom 
once a month throughout a considerable part qf the year, and as the young 





Fig. 467. — Diagrammatic longitudinal 
section of a Kabbit’s embryo at an advanced 
stage of pregnancy, a. amnion ; a. stalk of 
allantois; al. allantois with blood-vessels; 
c, embryo ; ds, cavity of yolk-sac (umbilical 
vesicle) ; ed, endodermal layer of yolk-sac ; 
ed\ inner portion of endoderm ; ed". outer 
portion of endoderm lining the compressed 
cavity of the yolk-sac ; fd, vascular layer of 
yolk-sac ; pL placental villi ; t, space filled 
with fluid between the amnion, the allantois 
and the yolk-sac ; sh, subzonal membrane ; 
st. sinus terminalis. (From Foster and 
Balfour, after Bischoff.) 
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Rabbit may begin breeding at the age of three months, the rate of increase is 
very rapid. 

The segmentation is of the holoblastic type. An amnion and an allantois 
are developed much as in the case of the Bird (p. 483). But the later history 
of these foetal membranes is widely different in the Rabbit, owing to the modifi- 
cations which they undergo, in order to take part of the formation of the 
placenta — the structure by whose instrumentality the foetus receives its nourish- 
ment from the walls of the uterus. The placenta is formed from the serous 
membrane or chorion — the outer layer of the amniotic folds — ^in a limited disc- 
shaped area, in which the distal portion of the allantois coalesces with it (Fig. 
467). The membrane thus formed develops vascular process — the chorionic 
villi — ^which are received into depressions (the uterine crypts) in the mucous 
membrane of the uterus. The completed placenta with its villi is supplied 
with blood by the allantoic vessels. The placenta of the Rabbit is of the t57pe 
termed deciduate, the villi of the placenta being intimately united with the 
uterine mucous membrane, and a part of the latter coming away with it at 
birth in form of a decidua, or after-birth. 

Systematic Position of the Example. 

The genus Lepus, to which the common Rabbit belongs, comprises a number 
of other species, the common Hare being among the n\imber, distinguished from 
one another by slight differences in the proportions of the parts and in other 
general features. Lepus is the only genus of the family Leporidce, which is 
associated with the family Lagomyidce or Picas under the designation Duplici- 
dentata, owing to the presence in these two famihes, and in these two alone of 
the entire order Rodentia to which they belong, of a second pair of incisors in 
the upper jaw. The chief distinctive features of the family Leporidae are the 
elongated hind-limbs, the short recurved tail, the long ears, and the incomplete 
clavicles. 


CLASSIFICATION OF THE MAMMALIA 

Sub-classes ^ I. Allotheria (Multituberculata.) 

II. Triconodonta. 

III. S5munetrodonta. 

IV. Pantotheria. 

V. Prototheria (Monotremata). 

VI. Metatheria (Marsupialia. Didelphia). 

VII. Eutheria (Placentalia. Monodelphia). 

* The second, third, and fourth sub-classes are still uncertain as to their true rank. The 
Pantotheria, and perhaps the Symmetrodonta, are rather nearer the Metatheria and Eutheria, 
and might all be grouped together as a class, the Theria. 
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Fig. 468. — The appearance in time and probable relationship of the mammalian sub-classes and orders. 
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Sub-class AUotheria (Multituberculata). 

Of the beginnings of mammalian history very little is known. During the 
whole of the Triassic period there was an expansion of the mammal-like Reptiles, 
the Cynodontia (p. 384), with their foreshadowing of several mammalian 
characters and, although no absolutely transitional specimens have as yet been 
discovered, it must have been from this stock that the Mammals evolved. 

There was an expansion of Mammals, all of rather small size, during the 



Fig. 469. — Tritylodon longsdvus. A, Palatal view. B, Dorsal view. C. Anterior view. 
D. Right lateral view. E. Hypothetical reconstruction of the entire dorsal surface. APF. 
anterior palatal foramen; Fr, frontal; IF. infra-orbital foramen; La. lachrymal; LF. lach- 
rymal foramen ; Mx. maxilla ; Na. nasai ; Nar. anterior nares ; NS. nasal septum ; Pal. palatine ; 
premaxilla ; Sm^r. septomaxilla; VF. vascular foramen. (After Simpson.) 


Mesozoic periods, of which only a few fragmentary specimens have been found 
in a few localities scattered over a great interval of geological time (see Fig. 
468).! 

The earliest animal accepted as a Mammal is the classic specimen, a frag- 

^ When it is realised that Mesozoic Mammals have been found in no more than a dozen localitie s 
in the whole world and then, with a few very rare skulls and parts of limbs, as mere fragments of 
jaws or teeth and, moreover, that between the few formations in which these fragments occur 
there are series of deposits representing great stretches of time in which no remains occur, it 
becomes clear that our Imowledge of early mammalian life is strictly limited. For an account 
of the Mesozoic Mammals see G. G. Simpson (nos. 109, no. ni). in Appendix on Literature. 
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mentary skull from the Upper Triassic 
corresponding to the Rhaetic beds in age, 



Fig. 470. — Tnnicdalns. Lateral and palatal 
view of skull. The lower and upper (the lower of 
the two figures) molars. (After Simpson*) 


(Stormberg beds) of South Africa 
known as Triiylodon longavus. All 
that can be said of this specimen 
(Fig. 489) is that it shows definitely 
mammalian characters in having 
t3T)ically mammalian infra-orbital 
and lachrymal foramina, in the 
division of roots of the molar 
teeth, in having presumably a 
squamosal-dentary articulation of 
the jaws as shown by the way in 
which the teeth are worn and by 
the absence of such reptilian bones 
as pre- and post-frontals. 

From the pattern of the molar 
teeth, with their three rows of 
tubercles, Tritylodon is placed in 
the sub-class Multituberculata, 
but, from differences in their shape 
and from some other characters, 
it is made the representative of a 
separate order, the Tritylodon- 
toidea. 

Of the remaining Multituber- 
culates, which form a second order, 
the Plagiaulacoidea, more is known. 
This order had an enormously long 
period of existence from its first 
appearance in the Upper Jurassic 
period until the beginning of the 
Tertiary period, when the group 
finally became extinct. The most 
noticeable character, and the one 
from which the name of the sub- 
class is taken, is the structure of 
the molar teeth. These have from 
two to three longitudinal rows of 
tubercles with from two to five, or 
more, cusps in each row. There is 
but a single lower incisor and 


three upper, of which the central one becomes much enlarged. Canines are 


entirely absent. In more advance forms the anterior lower cheek-teeth become 
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much enlarged and very specialised, in a manner analogous to that of some 
living Marsupials, such as the “ Rat kangaroo,” Bettongia. The zygomatic arch 
arises far forward at the level of the anterior cheek-teeth, and extends back 
almost to the occiput. The lower jaw is stout, but has no angular process, 
a character held in common with the Triconodonta and S3nnmetrodonta. 

The Multituberculata seem to have held a position analogous to that of the 
Rodentia of the present time. 

Representative genera are Plagiaulax, Bolodon, Tasniolabis (Fig. 470), 
Neoplagiaulax, Ptilodus, Ctenacodon (Fig. 471), etc. 

Sub-class Triconodonta. 

Except for doubtful specimens in the Upper Triassic (Rhaetic) beds, these 
small Mammals occur first in the Middle Jurassic (Stonesfield beds) of England 
and again at the top of the Jurassic in England (Purbeck beds) and North 



Fig. 471. — Ctenacodon. (After Simpson.) 


America (Morrison beds). The period of this group therefore appears to have 
been comparatively short. 

Little is known beyond the dentition. There were three or four incisors in 
each jaw, well-developed canines, four premolars, and up to five molars. The 
pattern of the molars is distinctive. There were three cusps arranged in an 
antero-posterior line; the central cusp in earlier forms was larger than the 
other two, but in later forms the three cusps became subequal. 

Representative genera are Amphilestes, Triconodon (Fig. 472), Phas- 
colotheriuin, Trioracodon, etc. 

Sub-Class Synunetrodonta. 

This sub-class appears to have been confined to the Upper Jurassic period, 
and to have had an even shorter extension in time. The teeth are characteristic 
in being triangular, with one larger cusp and two smaller ones. In the lower 
molars the base of the triangle is on t&e inner or lingual side, and the large 
cusp is placed at the apex of the triangle on the outer, or labial, side. The 
upper molars are the reverse of this. The lower jaw is without an angular 
process. 
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Representative genera are Spalacotherium (Fig. 472), Peralestes, etc. 

Sub-class Pantotheria. 

While the preceding two sub-classes seem to have had no very close con- 
nection with one another, nor to have left any successors after the end of the 
Jurassic period, the Pantotheria are quite possibly related, if only distantly, to 





Fig. 472. — Lower jaws of Trioonodon (Triconodonta), Spalacotherimii (Symmetrodonta), 
Pliascolestes and Ampldthoriiun (Pantotheria) . (After Simpson.) 

the stock which gave rise some time during the Cretaceous period to the 
Metatheria and Eutheria. There is at least no known character in members of 
the group which) makes this view tmtenable. Like the preceding two sub- 
classes, the Pantotheria themselves seem confined to the upper part of the 
Jurassic. 

The dental formula shows a large number of teeth. There are four incisors. 
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a canine which may be bifanged, four premolars, and as many as eight molars. 
The lower molars are triangular, with one principal labial cusp and two smaller 
lingual ones. Small additional cusps may be present. The lower molars also 
show a posterior prolongation of the tooth, a foreshadowing of the trituberculo- 
sectorial type of later mammals. The upper molars are plain triangles with one 
principal lingual and two or three smaller labial ones. The contour of the lower 
jaw is not unlike that of a primitive Insectivore with a high coronoid and a 
well-marked angular process. 

Representative genera are Amblotherium, Peraspalax, Peratnus, Phas- 
colestes (Fig. 472), Amphitherium (Fig. 472), etc. / 

Sub-class Prototheria (Monotremata). 

Although the past history of this group is practically unknown, a study of 
the anatomy of its living representatives is enough to suggest that it is one of the 
greatest antiquity. While the two families of the group, the Ornithorhyn- 
chidse and Tachyglossidae, differ somewhat widely from one another in appear- 
ance and in some minor anatomical characters, all of which can be explained 
as adaptations to different modes of life, they are, on the other hand, bound 
together as a single sub-class by the possession in common of many deep- 
seated characters which are found in no other mammals. 

While the essential mammalian characters, such as hair , diaphragm , four 
opti c l obes. to the brain, and so on, are all present, there are nevertheless some 
features which indicate a wide cleft between the Prototheria and all other 
mammals. The facts that eggs are laid and that there is no uterin e gestation are 
pre-mammaUan features, as is the structure of the urogenital organs, which are 
still in ithe reptilian condition (p. 375). In the skeleton the shou lder-girdle not 
only has the pre-cor acoids well developed, which in other mammals become 
reduc^. to vestiges, but also retains an inte rclavjcle. Milk is produced, but 
Tfielnammary glands are unspecialised, are without nipples, and the marsupial 
pouch' is temporary (Figs. 593, 594). The vertebrae are withput epiphyses 
except ui the tail region of Ornithorhynchus, and the position of the exit of the 
^pinal nerves in the ini^dle pf the vertebra, instead of between adj acent vertebrae, 
ispeculiair. The cervical vertebrae b ear ribs. In the hind leg the proximal end 
of tlm fibula is. prolonged in a maimer analogous to the olecranon process of the 
ulna, and in the male there is a hollow ^rsal spur which is connected with a 
small crural gland, ^e secretion of which appearfs to be poisonous. 

The skull, though very different in shape in the two families (Figs. 477- 
478), is in eaudi made up in the same general way. The cho ndrocraniunLis 
typically mammalian , but differs from other mammals in some respects, such as 
the a bsence of a n alisph p.nnid b on e and the presence of a bone in addition to the 
usual mammalian p terygoid known as t he “ Echidna pterygoM.” This bone 
is to be homologisS^tHThe epipterygoid of reptiles. 



524 


ZOOLOGY 


The differences in the shape of the skull and body, and many of the external 
features shown by the two families, are the result of their different environment 
and habits. 

Ornithorhynchus anatinus (Fig. 473), the “ Duckbilled Platypus,” is the sole 


species of the genus Ornithorhynchus and family Omithor- 
h5mchidae. Its distribution is in Eastern AustrdiSj and 
Tasmania, where it lives in the pools of rivers and creeks, in 
the banks of which it makes its burrows and nest. 

The body is flattened and covered with a close, soft fur. 
The upper jaw is produced into a depressed muzzle, not unlike 
the beak of a duck, a feature that provided the specific name. 
This beak is covered by a smooth, hairless integument, which 
forms a free fold or flap at the base. The eyes are very 





Fig. 473. — ^Duck-Bill (Ornithorhynchus anatinus). (After Vogt and Specht.) 

small, and rather close together on the top of the head. The 
openings of the external ear, likewise small, lie just behind the 
eyes, and lack the ear-flap or pinna. The forelegs are short 
but powerful, and the five digits end in strong claws which are 
set in a web which joins them together and then projects below 
and beyond the nadls. This flap can be folded back at will. 



so that the limb can be used either for digging or swimming. pie. 474.— 
The hind limb is less specialised. The tail is elongated, Crown views ot 
depressed, and is a powerfm swimming-organ, which some- lower teeth of 
what resembles that of the Beaver. (F^^wnaf^ 

The teeth are most peculiar (Fig. 474) . In the young stages Simpson.) 
calcified teeth are formed in each half of the upper and lower 


Omifhoilijiielnu. 
^rom Green after 
Simpson.) 


jaws. They are very brittle, clearly degenerate, and are soon shed and replaced 
by under-lying homy plates, in depressions of which the teeth were originally 
set. In structure the teeth show some rather irregular tubercles arranged in a 
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pattern that has given rise to a view that the Prototheria are descended 
from, or distantly related to, the Multituberculata, a view that cannot strongly 
be upheld on this evidence. 

The dental formula is peculiar (Fig. 475). There appear to be no upper 


Canine Premplars Molrirs 



du 


Fig. 475 .-—Dental formula of Omithorhynchus. The absence of upper incisors and the presence 
of an upper and lower replacing tooth should be noticed. A — e lower incisors ; /. lower canine ; 
g. ? second canine ; vw, premolars ; dv. replacing tooth ; a. y. z. molars. (After Green.) 

incisors formed, but there are five in the lower jaw. A canine is present in both 
jaws. The lower canine is followed by a problematic calcification which it is 
suggested is a second canine. The rest of the series consists of two premolars, 
of which the anterior is replaced and three molars in both jaws. These teeth 
are not present together at any one time, and most of them are non-functional 



Fic. 476. — Spiny AntHWter {Tachyglossus aculeata). (After Vogt and Specht.) 

and abort as mere calcifications. At eleven weeks old there remain only two 
teeth in the upper and three in the lower jaw.^ 

The Tachyg lossidae (Echidnidae) (Fig, 476) are represented by two closely 
allied genera Zagtossm, confined to New Guinea and Ta^yglqssus [Echidna) 

> See H. L. i^. H. Green, '* The Development and Morphology of the Teeth of Ornithorhynekus," 
Trams. Bttyal Soe., 1937. 
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aculeata, which ranges from New Guinea to Tasmania. These animals are 
land-living, nocturnal, insect-eating, and capable burrowers. The body is 
covered above with strong pointed spines, between which are coarse hairs. 
The lower surface of the body has hair only. The jaws are produced into a 
pointed rostrum and are correspondingly weak, as teeth are absent and the 
food consists of insects. Like Ornithorhynchus, the eyes are small and the 
ears without a pinna. The tail is vestigial. The limbs are short and the feet 
provided with strong claws. 

/' The Prototheria are represented at the present time by only three species 
and, unfortunately, nothing is known of the past history of the group. They 
have some characters undoubtedly reptilian, and some which appear to be 
peculiar to both sections of the group, which proves that they have had a 
common origin. The differences sufficient to warrant the formation of the two 
separate families are adaptive, and due to the very different environments of 
water and land life. / 

/.Skeleton of Prototheria. — In the Prototheria (Fig. 477) the epiphyses of the 
vertebrae aire not well developed in Ornithorhynchus, being represented only in 
the caudal region, and they appeair to be absent in Tachyglossus. In both genera 
there is the normal number of vertebrae in the cervical region. The odontoid 
process long remains separate from the centrum of the axis. The cervical 
transverse processes are separately ossified, and only completely unite with the 
vertebrae at a late period, sutures being traceable in all but very old animails. 
Zygapophyses are absent in the cervical region. There are nineteen thoraco- 
lumbar vertebrae in both genera. The transverse processes are short, and the 
ribs do not articulate with them, but only with the sides of the centra. In the 
sacrum of Tachyglossus there are three or four, in that of Ornithorhynchus two, 
united vertebrae. The caudal region differs considerably in its development in 
the two genera. In Tachyglossus the tail is very short, the vertebrae depressed, 
with no inferior spines, but with about five subvertebral bones, which differ 
from ordinary chevron bones in being mere flat nodules. In Ornithorhynchus the 
tail is long, and the number of caudal vertebrae is twenty or twenty-one. Each 
hais a distinct inferior spinous process {infr. proc .) . The sternum consists of a pre- 
sternum and three keeled stemebrae : in Tachyglossus but not in Omithorh3mchus 
there is a xiphistemum. The most remarkable feature of the sternad apparatus 
in the Prototheria is the presence of a T-shaped episternum (interclavicle, epist.) 
corresponding to that of reptiles. The sternal ribs are ossified, and are 
connected with the vertebral ribs by imperfectly ossified intermediate ribs 
{int. rbs.). 

The skull of the Monotremes differs widely from that of other Mammals . 
The bones early become fused together, so that it is difficult to trace their 
exact boundaries. The brain-case is larger and more rounded in Tachyglossus 
than in the Omithorh3mchus, in accordance with thelaiger size of the brain in the 




Fig. 477. — Skeleton of male Omithorliyiichus. Ventral view. The right fore-limb has been 
separated and turned round so as to bring into view the dorsal surface of the manus ; the lower 
jaw is removed, acc. tars, accessory tarsal bone supporting the spur ; ant. pal. for, anterior 
palatine foramen ; atl. atlas ; ast. astragalus ; ax. axis ; bs, oc. basi-occipital ; bs. sph. basi- 
sphenoid ; calc, calcaneum ; cbd. cuboid ; cerv, rb. cervical rib ; clav. clavicle ; cond. for. foramen 
above inner con4yle of humerus ; cor. coracoid ; cun. cuneiform of carpus ; dent, position of horny 
teeth ; ect. cun. ecto-cuneiform ; ent. cun. ento-cuneiform ; ep. cor. epicoracoid ; epist. epistemum ; 
ep, pb, epipubis ; fb. fibula ; fern, femur ; for, mag. foramen magnum ; glen, gle^id cavity 
of shoulder- joint and glenoid cavity for mandible*; hum. humerus; in. cond. inner condyle 
of humerus ; inf. orb. for. points to position of infra-orbital foramen ; infr. proc. inferior processes 
of caudal vertebrae ; int. rhs. intermediate ribs ; isch. ischium ; mag. magnum of carpus ; max. 
maxilla ; max. for. maxillary foramen ; metat. I, first metatarsal ; metat. F, fifth metatarsal ; 
nas^ cart, nasal cartU^e; obt. obturator foramen: ol, olecranon; out. cond. outer condyle of 
humearua ; ped. palatine ; pat, patella ; po^. pal. for. posterior palatine foramen ; pr.max. 
premaxflla ; pr. st. prestemum; pter, pterygoid; pub. pubis; rad. radius; scap. scapula; 
smph, scaphoid of tarsus ; seaph, lun. scapho-lunar ; sst. sesamoid bones of wrist and ; 

tarsia homy spur ; squamosal ; Hb. tibia ; trd, trapesold ; tnu. trapezium ; iym. c. tympanic 
cavity; uln. uma; unc. unciform; vom. vomer; x> dumb-bell shapM bone; xyg. zygomatic 
arch; F, digits of manus. 
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fonner genus . In both genera there is a pterygoid (investing) bone not separately 
represented in higher mammals, corresponding to the pterygoid of lower Verte- 
brates. The parasphenoid represents the lateral parts of the parasphenoid of 
lower Vertebrates and the inner lamella of the pterygoid process (usually 
regarded as the pterygoid) of higher mammals. Perforating the posterior root 
of the zygomatic arch is a canal, comparatively wide in the full-grown Omithor- 
hynchus, narrow in Tachyglossus — the temporal canal — which is not present in 
higher Mammals, and apparently represents the post-temporal fossa of reptiles. 

In Tachyglossus (Fig. 478) the squamosal extends farther forwards and 
the posterior root of the zygomatic arch is more anterior than in mammals in 
general. The zygoma is very narrow, and there is no rudiment of post-orbital 
processes : the jugal is absent as a separate ossification. The alveolar border 
of the maxilla [max.) is narrow and devoid of teeth. The nasal and premaxillary 
region of the skull is drawn out into a long, narrow rostrum. Near the anterior 
end of this is a rounded opening, the external nasal opening, which 
is entirely bounded by the premaxillae — ^the nasals not extending so fair 
forwards. An aperture in the naisal septum corresponds to an actual 
perforation by which the nasal cavities are in direct communication in the 
living animal. The pterygoids (pt.) are in the form of flat plates continuous with 
the bony palate ; they extend back so as to form a part of the walls of the 
tympanic cavities. The t5nnpahic [ty.) is an imperfect ring which does not 
become united with the periotic. The mandible consists of very narrow 
styliform rami, which are not firmly united at the symphysis. The condyle 
[cond.) is narrow, rather more elongated antero-posteriorly than transversely. 
There are very slight rudiments of the angle and of the coronoid process (cor.). 

In the Omithorhynchus (Fig. 477) the zygoma is stouter than in Tachyglossus, 
and there is a post-orbital process which is formed by the jugal. The maxillary 
root of the zygoma develops a process which supports the homy tooth (dent.) 
of the upper jaw. The nasal and premaxillary is expanded into a rostrum which 
is much broader than in Tachyglossus. The premaxillae (pr.max.) diverge 
from one another anteriorly, and then curve inwards again, partly enclosing a 
large space in which the nostrils are situated, and which is covered over in the 
recent state by the tough but sensitive hairless integument investing the 
cartilage of the rostrum, the latter being continuous with the nasal septum. In 
this space between the premaxillae is situated a dumb-bell-shaped bone (x.) 
which appears to arise from processes of the premaxilla. The pterygoid (pter.) 
is much smaller than in Tachyglossus, and does not extend as far back as the 
tympanic cavity. The mandible has its rami stouter than in Tachyglossus ; 
they meet for a short distance anteriorly, and then again diverge slightly. 
The condyle is much larger than in Tachyglossus, and is elongated transversely. 
In front of it is a broad process bearing the homy tooth. 

It is in the shoulder-girdle that we find perhaps the most striking peculiarities 
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of the skeleton of the Prototheria. There is a T-shaped epistemum [epist.), 
as already stated, similar to that of Reptiles, the median limb articulating 
behind with the prestemum and the cross-piece closely applied to the clavicles. 
There are two short and broad coracoids {cor.) articulating internally and behind 
with the prestemum, and, externally, uniting with the scapula to form the 



Fig. 478. — ^Tachyglossos acoleata. Ventral view of skull and right ramus of mandible, ang. 
angle of mandible; aud, oss, auditory ossicles; cond, condyle of mandible; cor, coronoid 
process ; max, maxilla ; oc. cond. occipital condyle ; pal. palatine ; p.max. premaxilla ; pt, 
pterygoid ; sq, squamosal ; ty. tympanic ring. 

glenoid cavity. In front of the coracoid is a flat plate, the epicoracoid {ep. 
cor.). The scapula (Fig. 479) is very unlike that of other Mammals. There 
is a well-developed acromion process {acr.) with which the clavicle articulates ; 
this terminates the anterior border, so that the latter would appear to corres- 
pond to the spine of the scapula of other Mammals : this is confirmed by the 
arrangement of the scapular muscles. The anterior part of the inner smrface is 
in reality the pre-spinous fossa ; the anterior portion of the outer surface the 
post-spinous fossa ; and the part behind this, separated from it by a slight 
VOL. n, 2 M 
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ridge, together with the posterior portion of the inner surface, is the sub- 
scapular fossa. 

The humerus is of remarkable shape, with greatly expanded extremities — 
especially in Tachyglossus — and prominent tuberosities and condyles. In the 
carpus the scaphoid and lunar are united ; there is no separate centrale. There 
are a radial and two very large palmar sesamoids, which are sometimes 
united. 


In the pelvis there is a very long symphysis in which pubes and ischia take 
an almost equal share. The acetabulum is perforated in Tachyglossus. With 
the anterior border of the* pubes are articulated a pair of large epipubic or 


" marsupial ” bones 


•P 


acT* 


Fig. 479. — Outer 
surface of left scapula 
of Omithorhyncnofl. 
acr. process correspond- 
ing to acromion ; glen. 
glenoid articular sur- 
face; sp. anterior bor- 
der, corresponding to 
the spine ; x, slight 
ridge which bounds the 
surface of origin of the 
sub-scapularis muscle 
anteriorly. 



(Fig. 477, ep. pb.). The femur has expanded extremities 
with prominent external and internal trochanters. There 
is a large ossified patella (pat.). The fibula {fb.) has at 
its proximal end a remarkable compressed process which 
ossifies from a separate centre, and resembles the olecranon 
of the ulna. In the tarsus there are the usual bones. In 
the Ornithorhynchus the astragalus and calcaneum are 
firmly united, and an accessory ossification {acc. tars.) 
.on the inner side in the male bears the tarsal spur. The 
metatarsals are short and broad, as are all the phalanges 
except the last. 

Sub-Class Metatheria (Marsupialia or Didelphia). 

This sub-class comprises Mammals in which the 
young are born in a rudimentary condition and are 
often, though not always, sheltered during their later 
development in an integumentary pouch, the marsupium. 
A common sphincter-musde surrounds the anal and 


urogenital apertures. The vaginae are distinct, and each has a separate 
opening into the urogenital canal (Fig, 648). In both sexes the ureters pass 
between the genital ducts, whereas in the Placentals they pass outside the 
ducts. A placenta is almost always absent, and in the rare instances in 
which it occurs, as in the Peramelidae, it is simple in structure and functions 
for only a short period. The brain lacks a corpus callosum. 

In the skull the t3unpanic chamber is often open, so that the t3mipanic ring 
is clearly visible, a primitive feature shared with some Placentals. There is, 
however, a number of forms in which the t3mipanic chamber is covered and the 
ring is hidden. When this occurs, the cover is always formed by the ali- 
sphenoid bone, and not by an extension of the t3anpanic itself or by a mixture 
of bones, as occurs in various Placentals. The optic foramina are confluent from 
side to side, and the internal carotid artery enters the skull through a foramen in,, 
the basi-sphenoid, and not through the foramen lacerum medium. The jugal 
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bone extends far back, so as to take a share in the glenoid cavity for the arti- 
culation of the lower jaw, a feature universal in the sub-class, but one which 
occurs sporadically in the Placentals (e.g., Hyrax and many Rodents). An 
inward inflection of the ventral posterior border of the lower jaw, the “ inflected 
angle,” is practically a diagnostic feature, since it is found nowhere else except 
in a few Rodents. It occurs in all Marsupials with the sole exception of the 
degenerate, thread-like jaw of Tarsipes. The seventh cervical vertebra in a 
large number of instances is pierced by a foramen for the vertebral artery, but 
this is also a feature found occasionally in Placentals (some Rodents, Hyrax, 
Hippopotamus, etc.). Well-developed epipubic bones are frequently, but not 
always, present. 

The dentition is peculiar, in that there is only one set of teeth functional 
throughout life, with the exception that one tooth, which is considered to be a 
milk-molar, is replaced by the last premolar. The pattern of the molar teeth 
varies according to function in much the same general directions as in the 
Placentals. Carnivorous, rodent, insectivorous, and herbivorous adaptations 
are all found. 

While there is almost no absolutely constant difference between Marsupials 
and Placentals, the Marsupials in general may be said to be at a somewhat 
lower grade of organisation than the Placentals. They retain and share a 
number of primitive characters with the more primitive Placentals, such as 
many of the Insectivora, as, for example, the small brain, which occupies but 
a comparatively small portion of the skull. The olfactory part of the brain is 
proportionally large ; the palate is deficient in ossification ; an entepicondylar 
foramen is very frequently present in the humerus. 

Metatheria were widely distributed over many parts of the world during 
the Eocene period, but are now confined to the Australasian region (with the 
exception of New Zealand), to South America, where during the Tertiary period 
they had a wide expansion and, for a few species, to North America. The 
earliest known forms are from the Cretaceous of Canada. 

The usual method of classification is based on the dentition, whereby two 
groups are recognised : the Polyprotodpntia, with more than three incisors in 
each half of the upper jaw, and the Diprotodontia, with never more than three 
incisors above and one pair in the lower jaws. Another method of classifi- 
cation, and in some ways a truer one, is based on certain peculiarities in the 
foot-structure. Some Marsupials have the second and third toes of the hind 
foot united by a common sheath, while -others have the toes all separate. 
These conditions are known as syndactyly and didactyly, respectively. Most 
Pol3q)rotodonts are didactylous and afl Diprotodonts are syndactylous, but 
one series, the Peramelidae (" Bandicoots ”), are pol3q)rotodont and S5mdacty- 
lous, and this fact prevents the use of the dentition as a diagnostic character. 

If the primitive condition be presumed to be polyprotodont and didactylous. 
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it would appear that this stock evolved along two lines, of which one, Didactyla, 
retained the simple foot-structure, and the other, the S3mdactyla, acquired the 
modification of the second and third toes. This second line underwent a further 
division in that some — ^in fact, the great majority — reduced the number of 
incisors and became diprotodont, while the Peramelidae, although becoming 
syndactylous, remained conservative as to their polyprotodont teethe 

A tabular classification may, on these lines, be drawn up as follows but 
being based on a single unit character, must be considered as a working 
classification for living forms only.^ 

Sub-order Didactyla. 

Insectivorous or carnivorous animals. 

The pouch may be rudimentary or absent, when present the 
opening is ventrally or caudally directed. 

Families Didelphidae, the " Opossums ” of America — 

e.g., Marmosa ; Dideiphys (Fig. 480) ; Peramys ; Chiro- 
nectes, etc. 

Dasyuridie. All Australasian — 
e.g., Dasyurus (Native “ Cats ”), (Fig. 481) ; Sarcophilus 
(the “ Tasmanian Devil ”) ; Phascogale ; Sminthopsis 
(Marsupial “Mice”) ; Antechinomys (Jerboa “Mice”) ; 
Thylacinus (the Marsupial “ Wolf ”) ; Myrmecobius 
(the Banded “ Ant-eater ”), etc. 

Notoryctidse — 

Notorycies (Fig. 483) (the “ Marsupial Mole ”). 
Caenolestidae, South America — 

An aberrant form with a pol3q)rotodont upper dentition 
and the median pair of the five lower incisors enlarged. 
CcBnolestes. 

Sub-order Syndactyla. 

Section Pol3q)rotodonta. 

Omnivorous. The marsupiuna opens downwards. 

Family Peramelidae (the Bandicoots of Australia) — 
e.g., Perameles ; Thylacomys ; Choeropus. 

Section Diprotodontia. 

Herbivorous. WeU-developed pouch opening forwards. The 
most completely specialised Marsupials, 

Families Phalangeridae — 

e.g,, Phalanger ; Tarsipes ; Phascolarcios (Fig. 483 
<Native"Bear”); PAascofowys (Fig. 484) (Wombat) ; 

^ See F, Wood Jones (no. 98 in Appendix on Literature). 
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Pelaurus ; Acr abates (Flying “Squirrels”); Pseudo- 
chirus (Ring-tailed Opossum), and other genera. 

Macropodidae — 

e.g.. Macropus (Fig. 485) ; Dendrolagus ; and other genera 
(the Kangaroos, Wallabies, etc.). 

The first Marsupials are found in 
the Upper Cretaceous — i.e., Eodelphis 
cuUeri of Canada. Peratherium is a 
genus of small animals found in both 
Europe and America from the Eocene 
to the Miocene, which hardly differ (as 
far as can be told from fragments) 
from living small Didelphids. Dipro- 
todon (Fig. 487), Nototherium (Fig. 

488), Thylacoleo (Fig. 489), are large 
diprotodonts of the Australian Pleisto- 
cene. 

Various species have been described 
from tertiary deposits both of Europe 
and the Americas, but, on the whole, 
the past history of the Metatheria is 
not well known. 

The Opossums {Didelphyidce, Fig. 480) are arboreal rat-like Marsupials, 
with elongated naked muzzle, with well-developed, though nailless, opposable 
hallux, and elongated prehensile tail. A marsupium is sometimes present, but 




Fig. 481.' — Daiyilie {Dasyarus viverrinus). (After Vogt and Specht.) 

is absent or incomplete in the majority. One species — ^the Water Opossum — 
has the toes webbed. The Das3raridse (Australian Native Cats, Tasmanian 
Devil, Thylacine, etc.) often have the poUex rudimentary, the foot four-toed, 
the halhuc, when present, small and clawless, and the tail non-prehensile. 
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There is a well-developed marsupium. The Native Cats (Figs. 481) a,nd their 
near allies are cat-like animals, the largest equal in size to a domestic Cat, some 
no larger than Rats or Mice ; the Tasmanian Devil has a more thickset body ; 
the Thyladne has a remarkable resemblance in general shape, as well as size, 
to a Wolf. The Banded Ant-eater {Myrmecohius) is devoid of the marsupium 



Fig. 482. — Marsupial Mole (Notoryctes typhlops). (From the Cambridge Natural History,) 

The Bandicoots (Peramelidce) are burrowing Marsupials, ranging in size 
from that of a large rat to that of a rabbit. They have an elongated pointed 
muzzle, and, in some cases, large auditory pinnae. The tail is usually 
short, sometimes long. The first and fifth digits of the fore-f^t are vestigial or 



Fig. 483. — Koala {Phascolarctos cinereus). (After Vogt and Specht.) 

absent, the remaining three nearly equadly developed. In the hind-foot the 
fourth toe is much longer and stouter than the others, while the second and 
third are small and slender, asid united together by a web of skin, and the first 
is vestigial or absent. The marsupium has its opening directed backwards. 
Notoryctes, the Marsupial Mole (Fig. 482), is a small burrowing Marsupial, 
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with short and powerful limbs, each with five toes, the third and fourth of the 
fore-foot provided with remarkable, large, flat, triangular claws. The tail is 
short and covered with bare skin. An auditory pinna is absent, and the eyes 
are vestigial. The pouch opens backwards. 

The Wombats {PhascolomyidcB, Fig. 484) are large, heavy, thick-bodied, 
burrowing animals, with short, flattened heads, short thick limbs, provided with 
strong claws on all the digits except the hallux, and with the second and third 
toes of the hind-foot partly connected together by skin. The tail is very short. 
The Kangaroos and their allies (Macropodidae, Fig. 485) are adapted, as regards 
their limbs, for swift terrestrial locomotion. They have a relatively small head 
and neck, the fore-limbs small, and each provided with five digits ; the hind-legs 



Fig. 484. — Wombat (Phascolomys mitchelH), (From the Cambridge Natural History,) 

long and powerful ; rapid progression is effected by great springing leaps, with 
the body inclined forwards and the fore-limbs clear of the ground. The foot 
is narrow and provided with four toes, the hallux being absent ; the two inner 
(second and third) small and united together by integument, while the middle 
toe is very long and powerful. The tail is very long, and usually thick. There 
is a large marsupium. The Tree-Kangaroos differ from the ordinary Kan- 
garoos in their shorter and thicker hind-hmbs, in which the second and third 
toes are nearly as large as the fourth. 

The Phalangers {JPhalangerida) are climbing Marsupials which have both 
fore- and hind-feet prehensile; the second and third toes of the hind-foot 
slender and united by a web, as in the Kangaroo, but the hallux, which is 
nailless, opposable to them ; the fourth and fifth nearly equal. The tail is well 
developed and prehensile. A number of Phalangers (Fl3dng Phalangers) are 
provided with lateral folds of skin extending from the fore- to the hind-limbs 
and, acting as a parachute, enable the animal, as in the Fl3dng Squirrels, to 
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perform flying leaps, from tree to tree. The Koalas (Fig. 483) differ from 
the Phalangers mainly in the relatively thicker body and the vestigial tail. 
Skeleton of Metatheria. — In the Marsupials the inferior arch of the atlas 



Fig, 485. — Bock Wallaby (Petrogale xanthopus). (After Vogt and Specht.) 

(Fig. 486) is often incompletely ossified, a gap being left in the prepared 
skeleton ; sometimes the gap becomes closed in by the ingrowths of the lateral 
parts of the arch, sometimes a small separate ossification is developed, filling up 

the opening. In the trunk there are always 
nineteen vertebrae. The transverse processes 
of the thoracic vertebrae are ailways well de- 
veloped, and the ribs articulate with them ais 
well ais with the bodies. Prominent meta- 
pophyses and anapophyses axe developed ; 
Fig. 486.— Atlas of Kangaroo. these axe laxgest in the lumbax region. Only one 

sacral vertebra is present in most Marsupials ; 
in some a second is ankylosed with it. The caudal region varies greatly in 
length. It is short in the Koala and the Wombat, long in the Opossums, 
Das5mres, Phalangers and Kangaroos (Fig. 490). Chevron bones are generally 
present, except in the Koala and the WomW, 
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In the skull (Figs. 491, 492, 493) the brain-cavity is relatively small, with 
the cerebellar fossa entirely behind the cerebral. The pituitary fossa is not 
distinct, and there are no clinoid processes. The zygoma is complete, but the 
orbit is not completely bounded by bone behind. The jugal extends beneath 





Fig. 490. — Skeleton of Wallaby (Halmaturus ualabatus). The scapula is represented as 
raised somewhat higher than it would be in the natural relations of the parts. The head of 
the femur has been separated from the acetabulum, acet, acetabulum ; act, acromion process ; 
ast* astragalus ; calc, calcaneum ; chd, cuboid ; chev. chevron bones ; cl, clavicle ; cun, cuneiform 
of caiTpus; epi. epipubis; fh. fibula; fern, femur; hd, head of femur; hu, humerus; il, ilium; 
tsch, ischium ; oht, obturator foramen ; orb, orbit ; pis. pisiform ; pub, pubis ; rad, radius ; rb. i, 
first rib ; rb, 13, last rib ; sc. scapula ; st. sternum ; tb. tibia ; troch, great trochanter of femur ; 
uln. ulna; unc, unciform; IV. fourth toe. 

the squamosal root of the zygoma to form part of the outer wall of the glenoid 
fossa. The lachrymal foramen is usually on the anterior margin of the orbitT 
sometimes on the face. The palate usually presents vacuities in its posterior 
portion. The pterygoid is always sm^l. The ali-sphenoid is large, and forms 
the anterior boundary of the tympanic cavity ; in the Kangaroos (Fig. 493, 
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ah.) it extends backwards so as to join the paroccipital process, which is greatly 
elongated. When an auditory bulla is developed, it is formed by this bone, 
the tympanic being always small, and never ankylosed to neighbouring bones. 



Fig. 491. — Skull of Wombat (Phascolomys wombat) (lateral view). Letters as in 
Figs. 492-493. In addition, ext. aud. opening of bony auditory meatus; cond. condyle 
of mandible. 

The internal carotid artery perforates the basi-sphenoid. The optic foramen is 
not separate from the sphenoidal fissure. In all except Tarsipes the angle of the 
mandible sends inwards a remarkable process (ang.), and is said to be inflected. 
In the pectoral arch of the Marsupials the coracoid process is, as usual. 



Fig. 492. — Skull of'Dassmnu (lateral view). aLsph, ali-sphenoid ; ang, angular process of 
mandible ; fr. frontal ; ju, jugal ; Icr, lacrymal ; max, maxilla ; nas, nas^ ; oc, cond. occipital 
condyle ; par, parietal ; par, oc. par-occipital process ; p.max. premaxilla ; s. oc. supra-occipital ; 
sq. squamosal ; sq\ zygomatic process of squamosal. 

developed from a special bony centre, and a distinct suture is often recognisable 
between it and the scapula until a comparatively late stage. In the young 
conditipn (when the foetus is attached to the teat) the coracoid is comparatively 
extensive and reaches the pre-stemum ventrally. A davicle is always present, 
except in the Bandicoots, but may be incomplete. There is never a distinct 
centrale in the carpus. In the Opossums the ilium has the primitive form 
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of a straight, three-sided rod. In the Kangaroos (Fig. 490. il.) it is still 
simple and three-sided, but somewhat curved outwards ; in the rest it is more 
or less compressed. In nearly all the Marsupials there is a pair of epipubic 
or marsupial bones (Fig. 490, epi .) — elongated and compressed bones which 
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Fig. 493.-— Skull of Bock Wallaby 
(Peirogale penicillata) (ventral view). 
Letters as in Fig. 492, except ali. ali- 
sphenoid. In addition, bas. oc, basi-occi- 
pita! ; bas, oph, basi^sphenoid ; ex, oc. ex- 
occipital ; pM, palatine ; pL pterygoid ; iy. 
tympanic. 



Fig. 494. — Bones of leg and foot of 
Pkalanger. ast, astragalus ; calc, calcaneum ; 
cub, cuboid; ect, cun, ecto-cuneiform ; ent, 
cun. ento-cuneiform ; fb, fibula; mes. cun. 
meso-cuneiform ; nav, navicular; tib. tibia; 
I — V, digits. (After Owen.) 


articulate posteriorly with the anterior edge of the pubes : in the Thylacine 
they are represented only by small imossified fibro-cartilages. In the leg the 
fibula is always well devdoped. In the young condition of some Marsupials 
there is an accessory dement situated outside the fibula at its proximal end : 
this apparently corresponds to a bone known as the parafibula which occurs 
in some Lacertilia. . In the Phalangers (Fig. 494) and the Koala there is 
alwa)rs a considemble range of movement between the fibula and the tibia. 
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comparable in some degree to the movements of pronation and supination of 
the radius and ulna. The foot (Figs. 494, 495), as already stated in the 
account of the external characters, presents a much greater range of modifica- 
tion than the manus. 


Eutheria (Plaeentalia Monodelphia) 


The Eutheria and Metatheria are presumed to have arisen from some; 
as yet untraced, branch of the Jurassic Pantotheres and, since undoubted 
eutherians and metatherians are known in the 


Upper Cretaceous, they must have diverged along 
their separate lines of evolution during the early 
part of the Cretaceous period. In the succeeding 
Palaeocene^ there was a gradual expansion of 
Eutheria, and by the dawn of the Eocene most of 
the orders of the sub-class had become established 
(Fig. 496). 

The characters common to the sub-class, which 
has radiated into a vast number of different forms, 
are naturally few. Although a simple form of 
placenta occurs, as has already been mentioned, 
in certain Marsupials, the chief eutherian character 
is nevertheless the highly organised placenta, 
whereby the young are nourished in the utejrus 
for a comparatively long time, and are bom in a 
more advanced stage of growth than the " larvae ” 



of the Marsupials. The uterus gradually loses its 
original double formation (uterus duplex) and 
becomes a single structure (uterus simplex). The 
ungiary. ducts now pass to the bladder outside the 


Fig. 495. — Bones of right 
foot of Kuigaroo {Macropvs). 
a. astragalus ; c. calcaneum ; 
cb. cuboid ; e*. ento-cunei- 
form; n. navicular; II — V, 
digits. (After Flower.) 


genital ducts. A common sphincter is not present 


except rarely, and then only as a remnant, so that there is no longer a cloaca. 
In the skull of the more primitive forms the palate, may still be somewhat 
fenestrated, as in Metatheria, but the internal carotid now enters the skuU 
either Itoough the foramen j>osteriug.„ojt-tb^ the bulla. The t^panic 
rej^h m but the most primitive forms isjprotected by a bony covering, or 
bulla , in the composition of which various surrounding bones may take part 
or, as is more usual, only one — ^namely an outgrowth of the petrous bone to 
which the t3mipanic bone becomes attached in various ways to form a true 
tympunic biMa, as opposed to the uli-sphenoid bulla of those Marsupials that have 
the ear region protected. In a very few cases — e.g. , Hyrax and some Rodents— 


» See C. G. Simpeon (iii) ; W. D. Matthew (102) in Appendix on Literature. 
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such as the Condylarthra, Amblypoda, Dinocerata, Taeniodonta, etc., had a 
comparatively short career, and did not survive beyond the Eocene. Of 
orders which still exist, the Insectivora, Dermoptera, Primates, Chiroptera, 
Rodentia, and Edentata had all started in the Palaeocene, though, of course, 
no modem families were at that time represented. 

While, as might be expected from the theory of evolution, all these early 
mammals are primitive in their general organisation, side lines with various 
specialisations were continually being evolved, and as a result it is not always 
easy, on the material available, to decide the actual affinity of many of them. 
The early Condylarthra, Insectivora, and Creodonta still show many charac- 
ters in common which are reminiscent of their common origin from some still 
earlier stock. Of these three somewhat allied groups only the Insectivora and 
their derivatives, the Primates, Dermoptera, and Chiroptera, have persisted. 
The Creodonta and Condylarthra became extinct, but not before important 
orders had arisen as branches from them. From the Creodonta arose the 
modern Carnivora and in aU probability the Artiodactyla and Cetacea, and 
from the Condylarthra the Perissodactyla and a number of orders which did 
not persist, such as the Amblypoda, Tillodontia, Dinocerata, Tseniodontia, 
and the important and interesting South American evolution of mammals the 
Notoungulata and other orders which persisted as late as the Pleistocene. 

The Proboscidea and Sirenia appear in the Eocene, followed by the Hyra- 
coidea in the Oligocene. These three orders together with the little-understood 
Bar5dheria and Embrithopoda, seem to come from a stock of African origin.^ 
Of the remaining orders the Rodentia and Edentata are old groups of Palaeocene 
origin, the Phohdota are Oligocene, and the Tubulidentata Eocene. These 
four orders are separate, and their origin and connections still a matter of 
doubt.® 

Order Insectivora. 

The Insectivora may be considered the nearest living representatives of 
the Cretaceous stock from which all placental mammals have arisen. Although 
in the course of time different lines of Insectivora have acquired numerous 
and varied specialisations of their own, these specialisations are superimposed 
on a distinctly generalised and primitive foundation. Many features, both in 
the skeleton and in the anatomy of the soft parts, some of them shared in 
common with the metatheria, can be cited as evidence of their low grade of 

organisation. The skull, for instance, is typically rather long, and is con- 

* 

^ There is still some doubt as to the place of origin of the Sirenia (see page 6io). 

* Properly to understand the relationships, whether proved or only suggested, of these early 
Placental orders requires the consideration of much more detail than can be presented in a general 
text-book. It must be remembered that in many instances the material on which judgment has 
to be passed is fragmentary, and that the conclusions based upon it are always subject to revision 
as fresh evidence occurs. Such a group as the Condylarthra, to give only one instance, may 
possibly represent seversd lines of very slightly related animals, of which only a small proportion 
has as yet been discovered. 
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stricted in the middle, owing to the smallness of the brain. The palateis often 
fenestrated and the tympanic ring uncovered and unprotected by a bulla. 
The brain is primitive in its lack of cerebral convolutions, in the large size 
of the olfactory part (macrosmatism), and in that the cerebrum is not sufficiently 
large to cover the corpora quadrigemina. The dentition in its general aspect 
approaches near to the primitive trituberculo-sectorial condition (see p. 654 ). 
The os centrale is often present in the carpus, and an entepicondylar foramen 
in the humerus. The feet are pentadactyle and plantigrade. In the vertebral 
column there may occur pairs of small bony nodules between the vertebrae 
on the ventral side which appear to be remnants of chevron bones. The 
uterus is bicornuate (uterus duplex) and the testes are abdominal. 



Fig. 497- — ^Deltatherldinm prettitnbenmlaie. 

Fic. 498. — Zalambdalestes lechei. (Both alter Gregory and Simpson.) 

The more noticeable specialisations are the great secondary lengthening, 
in some forms, of the snout — e.g., in the moles, shrews, and tenrecs — the frequent 
reduction or absence of the zygomatic arch ; the weakness of the pelvis, which 
may be without a pubic symphysis ; the peculiar incisors of the shrews; the 
spines of the hedgehogs ; the occasional presence of scent glands — €.g., the 
tail of Desmana moschata — and the adaptation of the limbs and girdles for 
digging as in the different types of Moles, etc. 

The order Insectivora is divided into several sub-orders which have long 
and separate histories from as far back as the Eocene, or even farther. Some 
of them have so little real connection with the others that they might really 
rank as separate orders. It follows that a diagnosis and classification of so 
pol 3 miorphic a group is difficult, and the Insectivora are recognised as a 
“ group ” chiefly by their generalised structure and by their lack of the various 
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diagnostic characters of other orders. The sub-orders are to be recognised 
by their particular specialisations of structure and by distinguishing characters 
in their dentition. 

The following is a list of the sub-orders. 

Deltatheroidea. 

Deltatheriidae. Deltatheridium. Cretaceous. (Fig. 497). 

Didelphodus. Eocene. 

Centetoidea. 

Centetidae. Centetes. The Tenrecs of Madagascar (Fig. 502). 
Solenodontidae. Solenodon. Cuba and Hayti. 

Potamogalidae. Potamogale. The " Otter Shrew ”, West Africa. 



Chrysochloroidea. 

Chrysochloridae. Chrysochloris. " Golden Moles.” South Africa 
(Fig. 499)- 

The Centetoidea and Chrysochloroidea have triangular upper molars, and are 
sometimes known as the Zalambdodont insectivores. 

Erinaceoidea. 

Zalambdalestidae. Zalambdalestes (Fig. 498). Upper Cretaceous. 
Leptictidae. Diacodon, Lepticlis. Upper Cretaceous to Oligocene. 
Erinaceidae. The Hedgehogs, Erinaceus, Gytnnura, etc. 

Soricoidea. 

Soricidae. The Shrews. 

Talpidae. The Moles. 

VOL. n. 
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These two groups have square upper molars with a W outer border, and are 
known as the Dilambdodont insectivores. 

Menotyphla. 

Tupaiidae. The Oriental Tree Shews Tupaia, Piilocercus (Fig. 500). 
Eocene to present day. 

Macroscelidae. African Elephant Shrews. Macroscelides, Rhyncho- 
cyon (Fig. 501). 



Fig. 500. — Ptiloceiciu lowi. The Pen-tailed Tree Shrew. 


The first five sub-orders are often placed together as the Lipotyphla to 
balance the Menotyphla. The characters on which this division is based are 
that the Menot5iphla have a long pubic symphysis, a tympanic bulla formed 
by the petrous bone which grows round and ensnares the tympanic ring as 
in the Lemurs, a complete jugal arch, and a caecum in the ailimentary canal. 
It does not, however, follow that the sub|prders of the Lipot5T)hla, in not 
having these characters, are so much to be considered as a closely allied group, 
as that the Menotyphla are on a definite and more progressive line of evolution. 
Nor axe the two families of the Menotyphla very closely allied, and their 
anatomical resemblances are perhaps of less weight than their differences. The 
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Fig. 501. — Bhynchooyon ohrysopygos. (From Cambridge Natural History.) 

developed, that of the remaining cervical vertebrae small or obsolete. The 
number of trunk-vertebrae varies in the different families from eighteen to 
twenty-four, and there is also great variation in the development of the va,rious 
processes. The caudal region varies in its length ; frequently it has chevron 



Fig. 502. — Skull of Texirec {Centetes ecaudatus), fr. frontal ; max, maxilla ; pa, parietal ; 
p.max, premaxilla ; sq, squamosal. (After Dobson.) 


bones. The prestemum is expanded, the mesosternum composed of distinct, 
narrow stemebrae. 

Thesiif^ (Figs- 502, 503) varies greatly in the different families, in the higher 
forms approaching that of the Lemurs, with comparatively large cerebral 
fossae. Urge orbits with complete or nearly complete bony rims, well-developed 
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zygoma, and a tympanic bulla and tubular auditory meatus. In the others 
the cranial capacity is less, and the orbits and temporal fossae are completely 
continuous; the zygoma is incomplete, and the tympanic does not usually 
form a bulla. 




Fig. 503. — Skull of Ptilocereiis lowiL ».• incisors; c, canine; p*, pxemoliars; 
molars. As. alisphenoid ; can. as. alisphenoid canal; con. condyle; cr. imp. temporal 
crest; on, ty. entotympanic ; /. c. carotid foramen; /. eus. eustachian opening; fr. frontal; 
/. /. a. foramen lacerum anterius; /. mat. malar foramen; /. op. optic foramen; /. or. 
foramen orale; /. os. ect. pt. ectopterygoid fossa; /. os. ty. hy. tympano-liyoid fossa; fo*pl% 
palatine foramen: /. st. m. stylomastoid foramen; Ms. mastom; Pt. pterygoid; Ty. 
tympanic. (After Gregory.) 
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The pectoral arch also varies a good deal in the different families of the 
Insectivora. In the true Moles (Fig. 504) and their allies there is a remarkable 
bone of cuboid shape articulating ventrally with the presternum and dorsally 
with the humerus, and only connected by a ligamentous band with the scapula. 
Its mode of formation from a mass of cartilage — to the anterior face of which 
the clavicle, formed as usual in membrane, becomes applied — ^proves that this 
bone represents a pro-coracoid as well as a clavicle. In other Insectivora 
this bone is not developed, and the clavicle is a distinct, long and slender bone, 
but vestiges of the inner or ventral ends of the coracoid and pro-coracoid 



Fig. 504. — Sternum and shoulder 
girdle of Talpa. cl, clavicle ; H. 
humerus ; M, manubrium. (From 
Cambridge Natural History,) 



m 


Fig. 505. — Fore-arm 
and manus of Talpa. c, 
cuneiform ; ce, centrale ; 
I, lunar; m, magnum; p, 
pisiform ; JR, radius ; rs. 
radial sesamoid ; td, trape- 
zoid ; 5. scaphoid ; tm, 

trapezium ; if, ulna ; u, 
unciform; I-V, digits. 


may be recognisable. Sometimes the ‘‘ mesoscapular segment ” (p. 643) is 
represented by a distinct bone intervening between the outer end of the clavicle 
proper and the acromion process. 

The humerus usually has a supracondylar foramen. In the Moles this is 
absent, and their humerus is remarkable in other respects, being short, greatly 
expanded at the extremities, with a prominent deltoid ridge, and with two 
synovial articular surfaces at the proximal end, one for the glenoid cavity of 
the scapula, the other for the coraco-clavicle. The radius and ulna are 
completely developed in all and are usually distinct, but sometimes fused 
distaUy. In the carpus the scaphoid and lunar sometimes coalesce, sometimes 
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remain distinct ; an os centrale is usually present. In the Moles (Fig. 505) 
the manus is extremely broad, the breadth being increased by the presence of 
a large, curved, radial sesamoid. 

In the pelvis the symphysis pubis is in some cases elongated, in others 
short, and sometimes absent, the pubes remaining separated by a wide median 
ventral cleft, A third trochanter is sometimes represented by a ridge. The 
fibula usually, though not always, fuses distally with the tibia. 

Order Chiroptera. 

The Chiroptera (Fig. 506) are the only Mammals which are capable of 
active flight. The fore-limbs have the segments greatly elongated, especially 
the fore-arm and the four ulnar digits, and these support a thin fold of the 
integument which stretches to the hind-Umbs and constitutes the wing. A 
fold (inter-femoral membrane) also extends between the hind-limbs, and may 



Fig. 506. — Bat (Synotus barbastellus) , (After Vogt and Specht.) 


or may not involve the tail. The pollex is much shorter than the other digits, 
is directed forwards, and terminates in a well-developed curved claw ; in the 
Megachiroptera, but not in the Microchiroptera, the second digit also has a 
claw; the other digits are always clawless. The position of the hind-limbs 
is peculiar, and the knee is directed backwards instead of forwards as in other 
Mammals ; the five digits of the foot are all provided with claws. So complete 
is the adaptation of the limbs to the purpose of flight that Bats are only able 
to shuffle along with great difficulty on the ground ; though with the aid of 
their claws they are able to climb and to suspend themselves from branches 
of trees by the hind-feet. In the Megachiroptera the muzzle is nearly always 
elongated, and the pinna of the ear simple, while in the Microchiroptera the 
muzzle is short, the pinna usually complicated by the presence of an inner 
lobe or tragus, and often produced into remarkable arborescent appendages, 
and the nose also often provided with elaborate leaf-like or arborescent lobes. 
The surface is usually covered with soft fur, except in one group of Micro- 
chiroptera in which the integument is practically naked. The tail is sometimes 
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short, sometimes well developed ; in the latter case it may or may not be 
involved in the tail-membrane. 

Eutheria in which the pectoral limbs are modified to form wings, the bones, 
more especially those of the second to the fifth digits, being greatly elongated 
so as to support a broad web of skin extending back to the hind-limbs. The 
sternum has a keel for the attachment of the pectoral muscles, which play 
an important part in bringing about the movements of flight. The ulna is 
vestigial ; the pollex is small, the remaining digits greatly elongated. The 
hind-limb is rotated outwards, so that the knee is directed backwards. There 
is a cartilaginous rod {calcar) attached to the inner side of the ankle-joint and 
helping to support a fold of skin (inter-femoral membrane) which extends from 
the hind-limbs to the tail or caudal region of the body. The cerebral hemi- 
spheres are smooth and do not overlap the cerebellum. The dentition is 
complete, heterodont and diphyodont. The penis is pendent ; the testes 
abdominal or situated in the groin. The uterus is simple or two-horned 
(bicornuate) ; the placenta deciduous and discoidal. 

Suh-order a. — Megachiropiera. 

Large frugivorous Chiroptera with elongated snout, without foliaceous 
appendages to the nose and ears, the second digit of the manus terminating 
in a claw. The tail, when present, is not enclosed in the inter-femoral mem- 
brane, but lies below it. The crowns of the molar teeth are devoid of sharp 
cusps. 

This sub-order comprises the so-called Flying Foxes {Pteropus) of tropical 
and sub-tropical parts of the Eastern Hemisphere. 

Suh'Order b, — Microchiroptera. 

Small, mostly insectivorous, Chiroptera with short snout, frequently with 
foliaceous appendages of the nose and ears, the second digit of the manus never 
provided with a claw. The tail when present is enclosed in the inter-femoral 
membrane. The crowns of the molar teeth are provided with sharp cusps. 

This sub-order includes all the ordinary Bats [Vespertilio and other genera). 

Although so highly specialised for flying, it is surprising to find that the 
order is so old. Palceochiropteryx, one of several genera from the Eocene of 
Europe, is already as fully developed as any of the Microchiroptera; and 
Zanycteris, which, however, is known only by its teeth, may carry the sub- 
order as far back as the Palaeocene. 

Skeleton of the Chiroptera (Fig. 507). — ^The cervical region of the vertebral 
column is characterised by the absence of any distinct neural spines, and the 
same holds good to a less extent of the trunk-vertebrae ; the transverse processes 
of the lumbar region are also rudimentary. The tail varies in development : 
when it is elongated the component vertebrae are long, cylindrical centra with- 
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out processes. Sagittal and occipital 



olecranon process of the ulna. In the 


sts are developed in the skull of 
some species. The facial region 
is rather elongated, especially in 
the Megachiroptera (Fig. 508). 
Post-orbital processes of the fron- 
tal are present or absent : the 
zygoma is long and slender : the 
malar is small and applied to 
the outer surface of the zygoma. 
The long and narrow nasals are 
in some cases united ; the pre- 
maxillse are small. The mandible 
has an angular process in the 
Microchiroptera, not in the Mega- 
chiroptera. The segments of the 
sternum are sometimes distinct, 
sometimes united ; the prestemum 
has a mesial keel developed in co- 
ordination with the great size of 
the pectoral muscles. The sternal 
ribs are ossified. 

The scapula is large and oval in 
shape : the spine is near the 
anterior margin : the post-scapula 
fossa has ridges for the origin of 
the muscular fibres : the spine has 
a well-developed acromion. The 
coracoid is elongated and in some 
cases bifurcated. The clavicle is 
long. The pro-coracoid is repre- 
sented by a separate ossification ; 
there are rudiments of the sternal 
end of the coracoid between the 
clavicle and the first. rib. The 
humerus and radius are both 
elongated. The ulna is reduced, 
and is sometimes only represented 
by the proximal end, ankylosed 
with the radius. A large sesamoid 
is developed in the tendon of 
the triceps ntusde near the 
carpus the scaphoid and lunar arc 
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united : sometimes also the cuneiform is united with these : the pisiform is 
smalL There is no centrale. The ungual phalanges are absent in the 
nailless digits. The pelvis is small, and the symphysis pubis often imperfect. 
The fibula is sometimes well-developed, sometimes rudimentary. The tuber 
calcanei is an inwardly curved process of the calcaneum, attached to which by 
means of ligamentous fibres is a slender rod of bone or cartilage, the calcar, 
which supports the inter-femoral membrane. 



Fig. 508. — Skull of Pteropus fnscus. (After Blainville.) 


Order Dermoptera. 

Two closely allied Oriental genera, Cynocephalus (Fig. 509) {Galeopithecus) 
and Galeopterus, each with, only one species, together form the family of 
Cynocephalidae (Galaeopithecidae) or ‘‘ Flying Lemurs.'' These animals show 
such peculiarities of anatomical structure that they have to be placed in a 
separate order of the Mammalia, and the unfortunate lack in our knowledge of 
their past history makes any suggestions as to the relationship for the most 
part speculative. The most noticeable character of Cynocephalus is the hairy, 
muscular parachuting membrane or patagium, which extends from the neck 
to the wrist and down the sides of the body to the ankle, and thence to the 
tip of the moderately long tail. It may be compared to the similar, but not 
identical, structures in the parachuting Marsupials and Rodents. TJie brain, 
like that of the Insectivora, is primitive in being macrosmatic, and in having 
the corpora quadrigemina uncovered by the cerebrum. The dentition is 
peculiar. The lower incisors are procumbent and comb-like, the molars 
multicuspidate. The bulla is formed by the tympanic ring, which also forms 
the lower border of the spout-like external auditory meatus. There are several 
characters in which the Dermoptera agree with the Fruit Bats, the Tupaiidae, 
and the Lemurs, but the extent to which these characters are convergent or 
not cannot be decided in the present state of knowledge. The order has 
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presumably had a separate line of evolution from the Eocene, if Plagiomene, 
known only by the upper and lower dentition from the Lower Eocene, is rightly 
placed in the order. The affinities of this form, as of its older ally, Planete- 
therium, is still very uncertain. 

Order Primates. 

There is still a considerable lack of knowledge as to many details of the 
structure of the earliest Primates, due to the rarity of their preservation as 



F:g. 509. — Cynocephalns. (After Vogt and Specht.) 


fossils, a consequence, probably, of their forest-living habits. There is, how- 
ever, enough evidence to show the great antiquity of the group. Tarsioids and 
Lemuroijis occur first in the Palseocene, Anthropoids do not appear until the 
late Oligocene. 

Absolutely diagnostic characters of a Primate are not easy to find, and the 
most primitive species still bear traces of their origin from the centralised 
Cretaceous " insectivore ” stock. There are, however, definite trends of 
evolution within the group, of which the beginning can be seen even in the 
earliest forms. The dentition, for instance, never has the full cutherian formula 
of three incisors, a \:anine, four premolars, and three molars in each half of the 
upper and lower jaws, but from the first is reduced to two incisors, and, except 
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in some early forms with four, to three premolars, and reduction may even- 
tually proceed further by the loss of another premolar and a molar. The 
pattern of the molar teeth is at first trituberculo-sectorial, and in many later 
forms becomes quadri- or quinque-tubercular. The diet of Primates being 
either insectivorous, frugivorous, or omnivorous, no very great specialisation of 
tooth-pattern has been evolved. 

The most important evolutionary trend is the increase in size and com- 
plexity of the brain, especially in the neopallium of the cerebral lobes, which 
grows so as ultimately to cover a large area of the cerebellum. This increase 
may be attributed largely to the possession of an opposable thumb and a grasp- 
ing hand, which enables objects to be brought before the face and examined. 
This ability to pass the hand over and around objects is associated with the 
acquirement of an appreciation of tridimensional space, and finally with the 
acquisition of stereoscopic vision. The face gradually becomes more and more 
subcerebral as it becomes bent down on the basi-cranial axis, which becomes 
more inclined to the vertebral axis. Concurrently with the evolution of a 
grasping hand, the rounded articulation of the head of the radius with the 
humerus and of the distal extremity with the ulna allows the hand to have a 
very free movement of supination, a characteristic primate feature, the primi- 
tive position of the mammalian hand being, of course, one of pronation. 

While the brain has become highly organised, with resulting modification of 
the skull, the rest of the body has retained a larger number of unspecialised 
features, than is shown by many of the other orders of mammals. Progression is 
still plantigrade, and even in Man the number of digits remains the primitive 
five. Flat nails are characteristic of most primates, although claws occur on 
at least some of the fingers and toes of the Lemuroids. The skull always has a 
complete orbital ring, and the eye-socket may either be confluent with the 
temporal fossa or separated by a bony partition, according to the grade of 
evolution. There is always a tympanic bulla formed by a flange from the 
petrosal with which the tympanic ring takes part in various ways, so as to have 
some value in classification. 

Primates were originally, and for the most part still are, arboreal. A return 
to a land habitat is a secondary and rare feature. 

The order is divided into three sub-orders : the Lemuroidea, Tarsioidea, 
and Anthropoidea. The Lemuroidea, although showing special adaptations of 
their own, are the most primitive in general structure, and the Anthropoidea the 
most advanced. The Tarsioidea, from an anatomical point of view, occupy an 
intermediate position. The Lemuroids have a number of primitive characters 
in common with the Tupaiidae (p. 546), with which group the Lemurs seem to have 
had a common origin. The actual relationship of the three sub-orders to one 
another is still a matter of debate, and considerable differences of opinion exist.^ 

^ See LeGros Glark, Wood Jones, Gregory, Elliot Smith, in appendix on literature. 
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Compared with the Anthropoidea, the Lemuroidea show a number of dis- 
tinguishing features, some expUcable as persistent and primitive characters, 
others as speciahsations peculiar to the Lemuroid line of evolution. Of the 
former the low brain-case, with its macrosmatic brain and uncovered cere- 
bellum ; the confluence under the post-orbital rim of the orbital and temporal 
fossae ; the lateral instead of forward direction of the orbits ; the presence of 
four or even five ethmoturbinal bones instead of the usual three ; the backward 
extension of the jugal ; the thickened hind border of the palate ; the large 
naisad bones, wide at the back, instead of narrow and pointed ; the uterus 
duplex, non-deciduous placenta and occasional inguinal mammae ; an entepi- 
condylar foraunen in the humerus and a third trochanter in the femur. The 
dentition is on the primitive trituberculo-sectorial plan, but subject to con- 
siderable specialisation in various forms. The procumbent lower incisors and 



Fig. 510. — Skull of Lemur. 


incisiform lower canines are specialisations that have arisen within the group. 
The hands and feet are also specialised, in that the second toe of the hind foot 
at least is always furnished with a sharp claw. In the hand the second finger 
is likewise always clawed. At least some of the fingers and toes have flat nails. 
The tympanic ring is enclosed inside the bulla, where either it lies free, as in the 
Tupaiidae, or, as in the Lorisiiie Lemurs, is attached to the inner side of the outer 
wall of the bulla in the position of the external auditory meatus (Fig. 596). 

There are numerous extinct groups of Lemuroids ^m as far back as the 
middle of the Palaeocene period, where species of the 'families Plesiadapidae and 
Anaptomorphidae are first known to occur. The Adapidae, with many des- 
cribed genera, are an important Eocene family. Modem Lemurs fall into two 
groups : the faunily Lemuridae, confined to the isknd of Madagascar, where they 
have undergone a radiation into four separate sub-families, the Lemurinae or 
true Lemurs with long skulls (Fig. 510); the Chirogalinae {Chirogale, Micro- 
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cebus, OpoUmur), with short skulls and elongated tarsus ; the Indrisinae {Indris 
and Propithecus) with short skulls and quadri- instead of tri-tubercular molars ; 
and the Chiromyinae {Daubentonia (Chiromys)), an aberraint form with short skull, 
a single pair of enlarged rodent-like incisors, and reduced premolars (Fig. 511). 
Of the second family, the Lorisidae, none occurs in Madagascar, but they are 
found mostly in Africa, with two genera {Loris and Nycticebus) in the East 
Indies. The Lorisidae faill into two sub-families, the Lorisinae {Perodicticus, 
the Potto, of West Africa, Arctocebus, also of West Africa and Loris and 
Nycticebus, the Oriental genera), and the Galaginae, characterised by a long 
calcaneum and astragailus in the tarsus {Galago and Otolemur of East Africa 
and {Galagoides {Hetnigalago)) of West and Central Africa). 

The sub-order Tarsioidea starts also in the Palaeocene with the family of 



Pig. jii. — Skull oi Daubentonia. The lower jaw ba.s been partially cut to show the extent 

of the rodent>]ike incisor. 


Anaptomorphidae {Tetonius and Anaptomorphus), and a considerable number of 
f amilie s and genera have been described from the early tertiaries both of the 
Old and the New Worlds. At the present time there is only one genus and 
species, Tarsius spectrum (Figs. 512, 513), a small forest-living animal found in 
certain islands of the farther East, such as Borneo, Java, Celebes, and as far as 
the Philippines. 

Tarsius from the anatomical point of view is as animal of considerable 
interest, and its zoological position with respect to the Lemiurs on the one hand 
and to the Anthropoids on the other is still in dispute. It has been considered 
as a Lemur, and as the surviving member of a line from which man has directly 
sprung. The more usual view is that it represents a separate line of evolution 
which at a very early period branched off the stock which eventually produced 
the anthropoids. 

From the Lemurs it differs in havii^j an orbit directed forwards and almost 
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completely separated from the temporal fossa; by the microsmatic brain; 
by single olfactory foramina ; by the arrangement of the tympanic ring, which 
remains outside the bulla and forms the tubular external auditory meatus. 



Fig. 512.— Skull of Taniiu speotmm. 

The structure of the nostrils and upper lip is nearer that of the Anthropoids than 
of the Lemurs, the jugal does not extend so far back, and the carotid artery 
enters the bulla wall. 



There are specialised features which are sufficient to separate the Tai^oids 
from the Anthropoids. In the first place, the hind foot has a greatly elongated 
navicular and calcaneum, a feature which occurs in all the early forms (in which 
this structure is known), and one which alone is sufficient to prevent the line 
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from being considered as directly ancestral. The digits of the hand have nails 
as do all the toes except the second and third, which are clawed. The tibia and 
fibula are fused. The great enlargement of the eyes — a specialisation for 
nocturnal habits — ^has caused considerable modification in the shape of the 
skull, and there are indications of a macula lutea and of the origin of stereo- 
scopic vision. 

The sub-order Anthropoidea comprises the higher forms of Primates, 
including Man. Here the brain reaches its highest development. The eyes 
are forwardly directed and set close together. The nose differs froilf that of the 
Lemurs, where the muzzle, or rhinarium, has the primitive naked form and the 
nostrils have on each side the lateral cleft, typical of most mammals, which 
separates a central from lateral portions. The rhinarium itself is hairless, and 
runs on to the upper lip, and the lip is held down by a ligament, and is not pro- 
trusible. In the Anthropoids the nostrils are completely ringed round by 
naked skin, the moist muzzle is absent, and the upper lip is without a ligament, 
and so is free to protrude. With the exception of the rather primitive Hapalidae, 
the fingers and toes are all provided with flat nails. 

The Anthropoidea fall into two groups : the Platyrrhini, or New-World 
Monkeys, and the Catarrhini from the Old World. The former are characterised 
by a broad, as against a narrow, nasal septum. There are always three pre- 
molars, and the t3nnpanic ring forms a bony canal to the external auditory 
meatus. In some forms the tail is prehensile, a character which occurs in no 
other Primates. There are two families : the Hapalidae, or Marmosets, which 
are the most primitive Monkeys, with claws on all digits except the hallux. 
The third molar is lacking and the tail is non-prehensile. The genera are 
[Callithrix = Hapale) and {Leontocebus = Midas) . The second family is that of 
the Cebidae, containing the genera Cebus, the Capuchins {Suimiri — Chryso- 
thrix) Squirrel Monkeys ; Pithecia, the Sakis ; Aides, Spider Monkeys ; 
Alouatta or Mycetes, the Howlers, etc. 

The Old-World Monkeys and Apes are characterised by the loss of the first 
premolars and the presence of a bony external auditory meatus. Ischial 
callosities are often present, and there are cheek-pouches in all except the 
Langurs, Guerezas, and Apes. There are three families : the Cercopithecidae, 
which comprise all forms except Man and the Apes such as Macaca, the 
Macaques ; Papio, the Baboons ; Colobus, the Guerezas ; Cercopithecus 
(Presbytis — Semnopiihecus), the Langurs ; Nasalis, the Proboscis Monkey, etc. 
The second family, the Simiidae, (or Anthropomorpha) contains Hyhbates, the 
Gibbons; Ponge = Sitnia, the Orang Utan; Pan = Anthropopithecus, the 
Chimpanzee ; and Gorilla, the Gorilla. The third family is that of the Homi- 
nidse, with three extinct genera in Pithecanthropus, Sinanthropus, and 
Eoanthropus and the single living genus Homo. 

In the Lemurs and their allies the body is slender, and the limbs are adapted 
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for an arboreal existence. The hallux is divergent from the other digits of the 
foot and opposable to them, and the same holds good, in some cases, of the 
pollex. In some all the digits are provided with claws, in others all but one 
hallux. More commonly all the digits have flat nails, except the second of the 
pes, which always has a claw. The eyes are very large. The muzzle is some- 
times elongated, sometimes short ; the nostrils are slit-like. The tail is some- 
times absent, or short ; more usually it is greatly elongated, but it is never 
prehensile. The surface is always covered with soft fur. 

Of the Anthropoidea the Hapalidae or Marmosets are small squirrel-like 
animals with all the digits except the hallux provided with pointed claws, with 
the pollex incapable of opposition, the tail non-prehensile, and without cheek- 
pouches or callous patches over the ischia. The Cebidse resemble the Hapalidae 
in the negative characters of the absence of ischial callosities and of cheek- 
pouches, and of the power of opposition in the hallux. But the limbs are much 
longer, tbe digits are all provided with flat nails, and the tail is frequently 
prehensile. The Cercopithecidae all have brightly-coloured, bare, callous 
patches of skin {callosities) over the ischia, and most of them have cheek- 
pouches for the storage of food. All the digits are provided with flat nails. 
The tail may be long, or short, or absent ; when present it is never prehensile. 
The pollex, when developed, is always opposable to the other digits. In the 
Simiidae or Man-hke Apes (Fig. 516 A) a tail is never developed, and there are no 
cheek-pouches ; ischial callosities are present only in the Gibbons. The 
Gibbons can walk in an upright position, without the assistance of the fore- 
limbs ; in the others, though, in progression on the surface of the ground, the 
body may be held in a semi-erect position with the weight resting on the hind- 
limbs, yet the assistance of the long fore-limbs acting as crutches is necessary 
to enable the animal to swing itself along. 

Skeleton of the Primates. — The atlas is ring-like, the odontoid sub-conical. 
The spines of the cervical vertebrae are usually weU-developed and simple : 
in Man they are short — ^with the exception of the seventh — and bifid : in some 
they are trifid. The number of thoraco-lumbar vertebrae is usually nineteen, 
but only seventeen in Man, the Gorilla, and Chimpanzee, sixteen in the Orang ; 
in some Lemurs it may be twenty-three or twenty-four. The number of sacral 
vertebrae varies from two to five. The -sacral region of Man, which comprises 
five ankylosed vertebrae, differs from that of other Primates in its greater 
relative breadth and in its backward curvature ; it forms a well-marked angle 
where it joins the lumbar region — the sacro-vertebral angle — scarcely recognisable 
in other Mammals. The number of caudal vertebrae varies with the length of 
the tail — ^from four to about thirty-three. In Man there are only four vestigial 
caudal vertebrae, ankylosed together to form the coccyx. In all those forms in 
which the taiil is well developed chevron bones are present. 

The human skull (Fig. 514) presents a marked contrast in certain respects 
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to that of other Mammals, but in many jx)ints is approached by that of the 
other Primates, more especially by that of the Simiidse. One of the most 
important characteristics of the human skull is the large size of the brain-case, 
the cubic content of the cranial cavity averaging 1500 cubic centimetres in the 
male of white races. This great development is most marked in that part of 
the cavity which lodges the cerebral hemispheres, in adaptation to the large 
dimensions of which the cranium bulges out both anteriorly and posteriorly to 



Fig. 514. — Skull of Man. Letters as in Fig. 595. In addition, a, angle of mandible; 
c. g, cxista galli« a process of the mesethmoid ; /. m. foramen magnum ; JVf. mastoid ; 5. t, sella 
turcica. (After Flower.) 

such an extent that the entire length of the cavity greatly exceeds that of the 
basi-cranial axis. A result of the posterior bulging of the brain-case is that the 
foramen magnum (/. m.) is no longer situated at the posterior extremity of the 
skull as in other Mammals, but assumes a position farther forwards towards the 
middle of the base. The anterior expansion, causing a strong arching forwards 
of the frontal region, brings about an alteration in the position of the ethmoidal 
plane, which, instead of being perpendicular or inclined to the basi-cranial axis, 
becomes horizontal, and the cribriform plate forms the middle part of the floor 
of the anteriot extension of the cranial cavityr The fossa for lodgment of the 
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cerebellum lies entirely beneath the posterior portion of the cerebral fossa ; 
the olfactory fossa is comparatively small (see Fig. 597, D.) 

The outer surface is smooth and‘ rounded, devoid of any prominent ridges or 
crests. The occipital crest of lower Mammals is represented merely by a rough 
raised line — the superior cy,rvei line of the occiput. The paroccipital processes 
are only represented by slight eminences — the jugular eminences. There is no 
auditory bulla ; the mastoid portion of the periotic projects downwards as a 
prominent mastoid process. The periotic, tympanic, and squamosal early fuse 
into one bone — the temporal bone. The post-glenoid process is very slightly 
developed. The whole facial region is relatively small. The orbits, which are 
of moderate size, are directed forwards ; the bony margin is complete, and a 
plate of bone, developed partly from the jugal, partly from the ali-sphenoid, 



Fig. 515. — Skull of Chimpanzee (Pan troglodytes). (After Blainville.) 


almost completely cuts off from the temporal fossa, leaving only a small 
aperture of communication — the spheno-maxiUary fissure. The frontal suture 
usually early disappears. The nasals are rarely fused. The suture between the 
premaxillse and the maxillae becomes obliterated at an early stage, so that the 
entire upper jaw appears to consist of a single bone. A peculiar spine, the tMsal 
spine, is developed in the middle line below the nasal opening. The most 
marked feature of the mandible is the presence of a prominence, the menial 
prominence, in the lower part of the symphysial region (S.). The stylo-hyal 
nearly always becomes fused — ^together with the t3mipano-hyal — ^to the periotic 
and tympanic, giving rise .to a slender process — ^the styloid process {sh.) — ^pro- 
jecting downwards from the base of the skull. 

None of the other Primates has a cranial capacity approaching that of 
Man ; and those modifications in the shape of the skull which are the concomi- 
tants of the great development of the brain in the human species are accordii^ly 
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not recognisable, or are much less strongly marked. The various fossae of the 
cranium, however, as a rule occupy the same relative positions as in Man ; 
the cerebellar fossa is entirely beneath the cerebral ; and the ethmoidal plane, 
and that of the foramen magnum (occipital plane), are usually both horizontal 
or nearly so. In all the Simiidse, with the exception of the Orang, the frontals 
meet in the middle line below, over the pre-sphenoid. In many Monkeys the 
outer surface of the cranium is smooth and free from prominent ridges ; but in 
the Baboons, the Orangs, the Gorilla, and the Chimpanzee (Fig. 515) there are 
strongly developed occipital, sagittal, and supra-orbital ridges, usually much 
more prominent in the male than in the female, and increasing in size with age. 
The paroccipital processes are always rudimentary, but there are well-marked 
post-glenoid processes. The mastoid does not form a distinct mastoid process. 
In the Cebidae and Hapalidae alone is there a tympanic bulla. The entire facial 
region is relatively larger than in Man ; the premaxillo-maxillary region is 
always more prominent, and in the Baboons projects forwards as a distinct 
muzzle. The orbit is separated from the temporal fossa as in Man. The nasals 
are usually ankylosed in the adult. The nasal spine is never developed. The 
suture between the premaxilla and the maxilla only becomes obliterated, if 
at all, in old individuals. The mental prominence of the mandible is never 
developed, the anterior surface of the symphysial region sloping backwards and 
downwards from the bases of the incisor teeth. The stylo-hyal never gives rise 
to an ossified styloid process. 

In the skull, as in many other respects, the Lemurs occupy an intermediate 
position between the higher Primates and the lower orders of Mammals. The 
occipital and ethmoidal planes are usually vertical. The tympanic forms a 
large bulla. The orbits, which are large, are usually separated from the tem- 
poral fossae only by a narrow rim of bone. The lachrymal foramen is situated 
on the face outside the margin of the orbit. The facial region is usually 
elongated, and may form a prominent muzzle. 

In all the Primates the clavicle is present and complete, and in the scapula 
the spine, acromion, and coracoid process are well developed. In Man and 
the higher Apes the glenoid border of the scapula is much longer than the cora- 
coid.border. In the lower Monkeys, on the other hand, these borders are nearly 
equal. The humerus is comparatively long and slender ; the tuberosities and 
ridges are not, as a rule, very strongly developed. In Man and the Simiidse the 
bone is twisted around its long axis ; in the lower forms this torsion is absent. 
In Man and the higher Apes the foramen above the inner condyle is absent ; 
it is present in many of the American Monkeys and in most Lemurs. Charac- 
teristic of the ulna of Man and the higher Apes is the small upward extension of 
the olecranon process. The radius and ulna are distinct in all ; in the higher 
forms the shafts of the two bones are bent outwards, so that there is a wide 
interosseous space, and there is considerable freedom of movement in pronation 
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and supination. In the carpus (Fig. 517) the scaphoid and lunar are always 
distinct, and a centrale is present in all except some of the Lemurs, the Gorilla, 
Chimpanzee, and Man. A pisiform is present, and in most a radial sesamoid. 
As compared with that of the other Primates, the 
carpus of Man is short and broad ; the trapezium has 
a saddle-shaped articular surface turned somewhat 
inwards. In Man, the Chimpanzee, Gorilla, and 
Orang the carpus articulates exclusively with the 
radius ; in all the others it articulates also with the 
ulna. In Man the pollex has a remarkable and 
characteristic freedom of movement in opposition to 
the other digits. 

The human pelvis is remarkable for its relative 
breadth, for the expanded form of the ilia and the 
deep concavity of their inner surfaces, and for the 
shortness of the pubic symphysis. In the higher 
Apes some of these features are recognisable, though 
less pronounced ; but in the lower the ilia are long and 
narrow, and usually curved outwards ; in the Old-World Monkeys the tubero- 
sities of the ischia are strongly everted and roughened for the attachment of the 
ischial callosities. 



Fig. 517. — Carpus of 
Baboon (Papio anubis), 
ce. centrale ; c. cuneiform ; 
/. lunare; m. magnum; 
p. pisiform; r. s. radial 
sesamoid ; s. scaphoid ; 
td, trapezoid ; tm, trape- 
zium ; u. unciform. (After 
Flower.) 



Fxg. 51S. — Foot of Han* Qoiilla* and Orang of the same absolute length, to show the difference 
in proportions. The line a'a' indicates the boundary between tarsus and metatarsus; b'b\ 
that l^tween the latter and the proximal phalanges; and c'c' bounds the ends of the distal 
l^uUanges ; as, astragalus ; ca. calcaneum ; sc, scaphoid. (After Huxley.) 
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The tibia and fibula are well developed and distinct in all. In nearly all the 
hallux, owing to the form and direction of the articulation between it and the 
internal cuneiform, is opposable to the other digits, converting the foot into a 
grasping organ. The human foot (Fig. 518) is distinguishable from that of the 
other Primates by the absence of this power of opposition and by the relative 
length of the tarsus, which exceeds that of the metatarsus. 

Order Condylarthra. 

This, order, ranging from the Palaeocene to the Eocene, is an important basal 
group approaching the early Creodonta in some respects, but characterised by 
the foreshadowing of hoofs — i.e., they are on the “ ungulate ” line of evolution 
rather than on the “ unguiculate,” There is also a tendency for the third toe 



Fig. 519. — Skull of Hyopsodus. (After Matthew.) 

to become progressively larger than the others, thus producing a mesaxonic, as 
compared with a paraxonic, foot. These two characters suggest that the Peris- 
sodactyla arose from some early members of the group, although no direct 
ancestor has so far been discovered. The tooth pattern of such a form as the 
Condylarth Ectocion, itself an Eocene form too late to be ancestral, could easily 
be modified into that of Hyracotherium, the earliest known Horse. 

The chief character of the early Condylarths are mostly negative ones, as is 
to be expected in any very primitive group. The omnivorous, non-predacious 
character of the teeth is unlike what was evolving in the allied Creodonts, and 
there is none of the specialised features, such as the shortening of the jaws and* 
reduction of the incisors found in the Primates. There is a general resemblance 
to the Insectivores, but none of the specialisations of that order is observable. 
The astragalus (an important bone, see Fig. 609) is of the creodont-camivore 
type, and the carpus is normally interlocking with the centrale retained (see 
P. 643)- 
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In general, the Condylarthra are to be considered as primitive, and not far 
removed from the generalised ancestral stock of the Cretaceous period, and 
themselves are in a position ancestral to a number of later groups. 

There are five families : the Hyopsodontidae, Phenacodontidae, Peripty- 
chidae, Meniscotheriidae, and Didolodontidae, this last family containing only 
South American animals that appear to be a connecting link with the exclusively 
South American Litoptema. 

The Hyopsodontidae (e.g., Hyopsodus, Fig. 519) are the more primitive 
forms, and have a general resemblance to Insectivores and Primates, with one 
or the other of which orders Hyopsodus, with its sexitubercular molars and 
hedgehog-like skull, was formerly placed, until the discovery of its typically 
condylarth astragalus decided its truer position. The Mioclaeninae {Mio- 
clcenus) have tritubercular teeth, and both retain, among other primitive 
features, claws rather than hoofs and an interlocking carpus. 



Fig. 520. — Phenacodas primaBVOS. (American Museum of Natural History.) 


The Phenacodontidae contain several genera, among which are Tetraclce- 
nodon, which, in having blunt claws rather than hoofs, somewhat bridges the gap 
between the Condylarths and Creodonts, and Phenacodus (Fig. 520), its direct 
descendant, which has become specialised in having a serially arranged carpus 
and by the loss of the clavicle. Ectocion, an Eocene genus, has, as already 
mentioned, a dentition approaching that of the early Horses. In this family 
the feet are, as in the others, pentadactyle, but with a progressive tendency to 
tridactylism, to digitigradism, and to a broadening of the ungues into small 
flat hoofs. 

The Periptychidae (e.g., Peripiychus, Conacodon, Ectoconus) also have narrow 
hoofs, and are a specialised side-line with enlarged premolars and multicuspid 
molars, which prevent them from appearing as ancestral to any later forms. 
Their earlier members are closely akin to the Hyopsodontidae. 

The Meniscotheriidae (Meniscotherium, Pleuraspidotherium) retain a very 
primitive foot structure, but have become specialised in their very selendont 
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molars. On this ground they have been considered as ancestral to the H5rra- 
coidea, though satisfactory proof is still lacking. 

The Didilodontidae, with primitive bunodont molars and simple premolars, 
are on the line leading to the early Litopferna, such as Diadiaphorus. 

Orders Pantodonta and Dinocerata. 

These two orders are sometimes classed together as a single order, the 
Amblypoda, but there are differences in structure that entitle them to be 
separated. Both in all probability arose from some early condylarthrous 
stock, but diverged from one another on specialised lines of foot-structure and 
dentition. 



Fig. 521. — Coryphodon radians. (Cambridge Natural History,) (After Osborn.) 


The Pantodonta comprise the families Pantolambdidae and Coryphodon- 
tidse. Pantolambda, a Palaeocene genus, represents a more primitive stage 
leading to Coryphodon (Fig. 521), the terminal genus of the Lower Eocene, which 
attained the size of a Rhinoceros. The feet have the carpals serially arranged, 
and the toes tend to become short and stout as an adaptation to weight. The 
teeth are present in full series, and the canines large. The upper molars are 
triangular, and in Pantolambda have three cusps ; in Coryphodon the pattern 
evolves into an aberrant ts^je of bilophodont tooth. The order became extinct 
during the early Eocene, and left no successors. 

The Dinocerata, or Uintatheria, were heavy, stump-footed animals reaching 
a large size. The skull is characterised by the presence of three pairs of bony 
hom-cores placed on the nasals, parietals, and on the maxillae just over the 
enlarged spear-like upper canines. The molar teeth are bilophodont like those 
of Coryphodon superficially, but with the two ridges converging on the inner side. 
Any resemblance between the two forms is diie to convergence rather than to 
any dose affinity. The Dinocerata also died out at the dose of the Eocene 



PHYLUM CHORDATA 569 

without successors. Examples are Loxolophodon {Tinoceras), Uintatherium 
(Dinoceras), Eobasileus (Fig. 522). 


South American Ungulata.' 


In South America there was an evolution of “ Ungulates ** of great 
diversity of form and of a range in 
time from the Palaeocene to as late a 
period as the Pleistocene. They are 
grouped provisionally in four orders 
which have no connection with one 
another beyond some remote Condylarth 
ancestor. Although there are on oc- 
casions superficial resemblances to 
animals in other parts of the world, as, 
for instance, the curious convergence in 
foot-structure of certain Litoptema and 
the Horses or the proboscidean char- 
acters of the Pjnrotheria, these four 
orders in reality have no outside re- 
lationships, and each pursued a special- 
ised line of evolution of its own. 

Order Litopterna. 

This is a small order, consisting of 
two families, the Macraucheniidae and 
Proterotheriidae. The genus Macrauch- 
enia (Fig, 523) had a three-toed foot 
with well-developed lateral toes, the neck 
was long and camel-like, and the skull 
peculiar in the position of the nasal open- 
ings, which are placed far back on the 
upper surface of the skull, suggesting the 
presence in life of a proboscis. Of the 
Proterotheriidae a series of genera show 
an evolution which closely parallels that of the Horses. Noiodiaphorus, 
an Oligocene form, has three toes with the lateral toes stout and still resting 
on the ground — ^about the stage, that is, of Mesohippus among the Horses. 
Diadiaphorus (Fig, 524), in the Miocene, has the lateral toes much reduced, 
and can be compared with Miohippus, while Thoatherium, also Miocene, 
is monodactyl to a greater degree even than the modem Horse, in that the 
splint-bones are reduced to mere nodules of bone. (See^ig. 599, p. 645.) 



Fig. 522. — Skulls of Uiniatheria. i. 
Bathyopsis; 2. Elachoceras; 3. Uinta- 
therium’, 4. Eobasileus, (After W. B. 
Scott.) 
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The dentition of these animals has the perissodactyle-like feature of 
molarisation of the premolars, but, unlike the Horses, the teeth remain per- 



Fig. 523.— Maoiauchenia. 

(From a mounted specimen in the American Museum of Natural History.) 


sistently brachydont and, although there is a superficial resemblance in the 



Fig. 524.— DIadiaphonui. (From W. B. Scott.) 

herbivorous mammals throughout the 
dactyls were there absent until the 


molar pattern with the earlier 
Horses, there are differences in de- 
tail, and the tooth- and foot-struc- 
ture combined are never in phase 
with any genus of Horses, so that 
there is no real danger of confusion. 

Order Notoungulata. 

This order is larger and more 
varied, including the most typical 
and abundant South American 
Tertiary. Artiodactyk and Perisso- 
Pleistocene, and their places were 
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taken by Notoungulates. The latter became extinct after South America 
was united to North America in the Pliocene, and more progressive herbi- 
vores from the North took their place. There are four principal groups of 



Fig. 525 A. — Homalodoiheiinm. (After Riggs.) 


Notoungulata. The sub-order Notioprogonia (Arctostylopidae, occurring in Asia 
and North America, the only non-South American Notoungulates ; Hen- 
ricosborniidae ; Notostylopidae) includes small and primitive forms, confined to 
the Padaeocene and Eocene. Some of them closely resemble the Condylarthra, 
and probably show the origin of the Notoungulates from that group. The 
Entelonychia (Homalodotheriidae) (Fig. 525 A) developed into large forms with 
clawed feet resembling those of the 
Chalicotheres, and became extinct 
towards the end of the Miocene 
or beginning of the PUocene. The 
Toxodonta (Notohippidae, Toxo- 
dontidae) also reached considerable 
size, the genus Toxodon (Fig. 525 B) 
of the Pleistocene being as lairge 
as a rhinoceros. The typical toxo- 
donts had large cropping incisors 
and strongly curved h3^sodont 
molar teeth. The fourth sub- 
order, Typotheria (T5^theriidae, 

Hegetotheriidae, Interatheriidae, 
etc.) also developed enlarged incisors and h5?psodont molars, but were 
mostly of small size, and some of them must have resembled rabbits in 
appearance and habits. 



Fig. 525 B. — Toxodon. (After W. B. Scott.) 
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Order Astrapotheria. 

This order includes only two families, but in spite of a resemblance in general 
aspect, these are so different in basic structure that they are referred to two 
sub-orders : — 

Trigonostylopoidea (with the family Trigonostylopidae) and Astrapo- 
therioidea (Astrapotheriidae). The typical genus, Astrapotherium (Fig. 526), 
of Miocene age, was a large animal with a disproportionately large head, pro- 
vided with great canine tusks and with retracted nasals suggesting the presence 
of a proboscis. The premolars were reduced and the molars greatly enlarged 
but not hypsodont, the whole dentition suggestive of the Amynodont 
Rhinoceroses. 



Fig. 526. — Aatrspotbedam magnum. (From Scott, after Riggs.) 


Order Pyrotheria. 

The Pyrotheres are known from a single family (P3urotheriid8e), with a short 
history from Eocene {Caroloziitelia) to Oligocene {Pyrotherium). Pyrotherium 
was a large, elephant-like animal with a proboscis and with two pairs of 
large incisor tusks in the skull and one pair in the lower jaw. Each of the 
posterior premolars and molars has two sharp transverse crests, somewhat as 
in Kangaroos, Tapirs, Deinotheres, and some other groups. It has been main- 
tained that the Pyrotheres were allied to the Mastodons and Elephants, but 
it is now believed that the resemblance is convergent, and that Pyrotheres, 
like other South American Ungulates, developed there from condylarth-like 
ancestors. 

Order Carnivora. 

The modem Carnivores are difficult to characterise. There is, in fact, only 
one feature constant throughout the group, and that is the fusion of the 
scaphoid, lunar, and centrale in the carpus. Other characteristic features, 
however, are the universal retention of the full number of incisors and the 
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well-developed canines. The post-canine dentition always shows a certain 
amount of reduction and a rather wide-range of adaptive radiation, as is 
described below. The digits of the feet are usually five, and are never reduced 
to less than four, and the toes are armed with sharp claws which are often 
retractile. The brain is well developed. 

The present radiation of Carnivores may be said to start mainly in the 
Oligocene period, but the line can be traced backward through late Eocene 
Canidae to the Creodont Miacidae of the Palseocene, until it becomes merged in 
the basal Creodont-Insectivore stock from which so many orders arose. 

Living Carnivora are divided in the first place into two sub-orders ; the 
Fissipedia, all essentially land-living animals, with toes separate; and the 
Pin nipedia, forms adapted to marine life, with the toes bound together by skin 
to Torm paddles. The Fissipedia are classified on a number of anatomical 
characters, such as the shape of the bulla and the presence or absence of an 
alisphenoid canal in the skull, but the most useful guide is the pattern of the 
molar teeth and the presence or absence of a modification of two teeth, always 
the first lower molar and the last upper premolar, into flesh-cutting shears 
known as the carnassials (Fig. 528). 

There are seven families, of which the Canidae (Dogs, Wolves, and Foxes) 
occupy a central position. The dentition is complete except for the absence 
of the last lower molar. The carnaissial teeth are well developed and the upper 
molars are bluntly triangular in pattern (Fig. 527^). There are only four 
toes on the hind feet, and the claws are non-retractile. 

On one side of the Canidae may be ranged the Viverridae (the Civet Cats) 
Hyaenidae and Felidae. Here the dentition always shows some reduction in 
the number of molar teeth, both upper and lower; carnassials are well 
developed and the upper molar is a narrow triangle shairp on the inner 
border (Fig. 527*). There are normally five toes with semi-retractile claws. 
An anal scent-gland is a common feature. 

The Hyaenidae (Hyaenas) have a molar dentition reduced to one in each 
section of the jaws, and the first premolar is likewise lost. The carnassials 
are well developed. The upper molar is reduced to a thin slip transversely 
placed and sharp on the inner side (Fig. 527®). The teeth as compared with 
those of the Felidae are blunter and coarser, an adaptation to carrion-feeding 
and bone-crushing. There are never more than fomr toes on the hind foot and 
the daws are non-retractile. The tympanic bulla has internally a rudimentary 
septum which partially divides it. Proteles, the “ Aard Wolf " of South Africa, 
is an aberrant insectivorous form with the teeth reduced to simple cones. 

The Felid® (Lions, Tigers, and Cats) (Fig. 527*). with very well-developed 
carnassials, show the greatest molar reduction of all these teeth, being even 
more reduced in size than those of the Hy®nas. The premolars are also reduced 
both in number and in size to^three above and two below. In some extinct 




Fig. 527. — Upper dentition of modem Carnivora, i. Caius lamiliaris. The Dog ; 2. Yiverra 3. fiymui hrmiXlM 

4. Fanilim paidiif 5- Tazidea ameiicana. American Badger ; 6. Procyon lotor. Racoon ; j, Ursiis arctos. Polar bear. (From 
specimens in the British Museum.) 
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Felidae such as Smilodon reduction goes even further, this animal having only 
two premolars and a vestige of one molar in the upper jaw and one premolar 
and one molar in the lower. As a compensation, however, the camassials are 
enormous, and the canines are exceptionally developed. The claws are com- 
pletely retractile, and the t5mipanic bulla is smooth and inflated externally, 
and is divided inside by a complete septum. On the other side of the Canidae 
are the Mustelidae, Procyonidae, and Ursidae. 

The Mustelidae (Stoats, Otters, Skunks, Martens, Wolverines, etc.) form 
a large group characterised by the post-camassial upper molar which, instead 
of being triangular, is expanded on the inner side (Fig. 537®), sometimes, as 
in the European Badger (Meles taxus), very much so. The dental formula 
varies somewhat, but is not much reduced, except that there are never more 
than two molar teeth. The claws are not retractile and the t3nnpanic bulla 
is not inflated and has no inner septum. 

The Procyonidae (Racoons, Kinkajou, Panda, etc.) are American in distri- 
bution, with the exception of the Panda (Mlurus fulgens) and the " Spectacled 
Bear ” (Mluropus melanoleucus), both Oriental. The dentition, except for 
the loss of an anterior premolar and the last molar, shows little reduction. 
Carnassials are not developed as shearing-teeth and the upper molars are 
round in outline instead of triangular (Fig. 527*). The claws are non-retractile. 
The Kinkajou {Potos caudivolvus) is a fruit-eating animal in which the crown 
surface of the molar teeth is degraded to a flat surface only obscurely tuber- 
culated, and with a prehensile tail — a feature unique among carnivores. 

The Ursidae (Bears) have a fully plantigrade foot and non-retractile claws. 
Like the Procyonidae, the shearing camassial teeth are not formed. The 
molar teeth are large, elongated, and much tuberculated (Fig. 527’), the denti- 
tion, except for the last molar, is unreduced. The tympanic bulla is flat. 

The Fissipede Carnivores are often separated into two super-families : the 
Arctoidea (or Canoidea), including the Canidae, Procyonidae, Mustelidae, and 
Ursidae, and the .®luroidea (or Feloidea), the Viverridae, Hyaenidae, and Felidae. 

The Pinnipedia (S eals, Sea-Lions, and Walrus) do not appear until the 
Miocene. They show little external resemblance to the land-living Carnivores, 
owing to their adaptation to an aquatic life and flsh-eating diet. The feet, 
which have the full number of five digits, are enclosed in a web of skin. The 
proximal elements of the limbs are shortened, the distal, especially those of 
the hind limb, are lengthened. The first digit of the hand is the longest, and the 
first and fifth digits of the hind foot are equal in length and longer than the 
middle ones. In the wrist the carnivore feature of a coalesced scaphoid and 
lunar is present. The dentition differs from that of the Fissipedia in that the 
incisors are always less than three in each half of the jaws. There are usually 
four premolars and only oiie molar, all consisting of a conical, sometimes 
compressed, single crown, • which may have, in addition, an anterior and 



576 


ZOOLOGY 


posterior additional cusp. There is noj'development of camassial teeth. The 
facial part of the skull is abbreviated, the cranial elongated. 

There are three families. In the Otariidae (Eaired Seals) the pinna of the 



ear is present, though small, and 
the hind legs can be turned for- 
ward for progression on land. The 
Odobaenidae (Walrus) lack an external 
ear, but have the saime arrangement 
of the hind feet as the Otariidae. 
The upper canines form exceptionadly 
large tusks. The Phocidae (Seals) adso 
lack an external ear, but have the 
hind limbs turned permanently back- 
wards, bound up with the short tails, 
and are useless for land locomotion 
(Fig. 535 A). 

All these modern Carnivores in 
the course of time replaced an older 
group, a sub-order known as the 
Creodonta, which, until its final ex- 
tinction at the dawn of the Miocene, 
were the dominant flesh-eating 
mammals, and themselves had a 
radiation into four superfamilies. 
Of these the earliest, known from the 



Fig. 528. — Upper and lower teeth of a wolf 
^op figure); fivimodott (middle figure) and 
OxjBBnitL (lower figure) showing the different 
arrangement of the camassial t^sth. The 
camassials are shaded. (After Matthew.) 

mostly during the Palaeocene, the three 
choidea, Ox 3 r 8 Bnoidea, and Miacoidea, 


Lower Palaeocene, were the Arcto- 
cyonoidea (Procreodi) (Arctocyonidae 
and Triisodontidae), small amimads 
primitive in their general structure, 
with low skulls, small brauns, and with 
a complete dentition. Camassial 
teeth were not ais yet developed and 
the molars were usuaiUy of the tuber- 
culo-sectorial pattern. The limbs 
and body were long and slender, with 
a long taiil, the feet pentadactyle amd 
plaintigrade. From this centralised 
and unspedalised assembly arose, 
remaiining superfamOies, the Mesony- 
which ar^ classified chiefly by the 


presence or absence of caimassial teeth and, further, by a diflerenoe in the 


particular teeth which become the caumassials when preset. 
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The Mesonychoidea [Acreodi] (Mesonychidae), like the Arctocyonoidea, 
developed no carnassials, but the cusps of thS cheek-teeth become broad and 
blunt, and in some of the later forms develop a hypocone. The possession 
of a mesaxonic foot and a tendency to develop small hoofs on the rather wide 
and fissured terminal phalanges instead of claws suggest that some offshoot 
of this family gave rise, during the early Eocene, to the Artiodactyla. 

The Oxyaenoidea [Pseudocreodi] (Oxyaenidae and Hyaenodontidae) are 
characterised by having " false " carnassials, in the sense that they are never 
the same pair of teeth, the fourth upper premolar and first lower’ molar, ais 
those in the Miacoidea and modem Carnivores. In the Oxyaenidae the camas- 
sials are the first upper and second lower molars, in the Hyaenodontidae the 
second upper aind third lower molars (Fig. 528). The two families in their 
day were the most successful of the earlier radiation, and gave rise to some large 
forms, though Andrewsarchus, a Mesonychid from the Lower Oligocene of 
Mongolia, reached the largest size of all, with a skull three feet in length. 

The remaining super-family the Miacoidea [Eucreodi] (Miacidae) originated 
in the mid-Palaeocene, and expanded through the Eocene to trainsform into 
the radiation of the modern Carnivores during the Oligocene. The carnassials 
were developed from the fourth upper premolar and the first lower molar, 
and, like the true carnivores, in contradistinction to other Creodonts, the 
terminal phalanges are not fissured. The scaphoid and lunar bones, however, 
are still free in the carpus. 

Skeleton of the Carnivora. — In the Carnivora the atlas is very large, with 
wing-like lateral processes. The neural spine of the axis is elongated and 
compressed, the odontoid conical. The other cervical vertebrae have small 
spines and large transverse processes. There are twenty or twenty-one thoraco- 
lumbar vertebrae. The most anterior thoracics have long, slender, backwardly- 
sloping spines. In the posterior thoracics large metapophyses and ainapophyses 
are developed. The transverse processes of the lumbar vertebrae are extremely 
long and the spines short. The sternum is long and narrow, composed usually 
of eight or nine pieces. The sternal ribs are almost uncalcified. 

In the skuU of the Carnivora vera (Figs. 529 and 531) there are prominent 
sagittal and lambdoidal crests. The temporal fossae are very deep; the 
orbits are not separated from them by bone. The relative development of 
the facial region varies in the different groups ; in the Bears and their allies, 
and in the Dogs, it is elongated ; in the Cats it is very short. The zygoma 
is strong and greatly arched outwards. The glenoid cavity is in the form of 
a transverse groove, to the shape of which the transversely elongated condyle 
is adapted. In the Cats there is a large rounded t3mipanic bulla (Fig. 530), 
the cavity of which is divided into two parts — ^anterior and posterior — ^by a 
septum, the anterior containing the auditory ossicles and the opening of the 
Eustachian tube ; the bony auditory meatus is short ; the parocdpital is 
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closely applied to the posterior surface of the tympanic bulla. In the Dogs 
the septum of the bulla is incomplete, the auditory meatus short, and the 
paroccipital process not applied to the bulla. In the Bears alid their allies 



Fig. 529. — Skull of Tiger (Felis tigns). 
(After Blainville.) 



Fig. 530. — Section of the left auditory bulla of 
Tiger (Felis tigris), * aperture of communication 
between the two chambers into which the cavity 
of the bulla is divided ; a. m. external auditory 
meatus ; O. basi-occipital ; e. Eustachian tube ; 
i, c, the inner chamber ; 0, c, the outer chamber ; 
Pt, periotic; s. septum between the two cham- 
bers ; Sq, squamosal. (After Flower.) 


(Fig- 532) the bulla is usually less dilated, and the septum is absent or only 
represented by a ridge, while the bony auditory meatus is elongated. 

The cranium in the Pinnipedia (Fig. 535) is broad and rounded, rather 



Fig. 531. — Lateral view of skull of Dog (Canis familiaris), C, occ, occipital condyle * F, 
frontal ; F. inf. infra-orbital foramen ; Jg. jug^ ; Jm. premaxilla ; L. lachrymal ; M. maxiHa • 
Maud, external auditory meatus ; Md. mandible ; iST. nasal ; P. parietal ; Pal. palatine ; PiU 
zygomatic process of squamosal ; Pi. pterygoid ; Sph. ali-sphenoid ; Sq^ squamrUal ; Sq. occn 
supra-occipital ; T. tympanic. (From Wiedersheim’s .4 no/owy.) * 
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compressed from above downwards. The orbits are large and approach near 
to one another. 

In the Carnivora vera the spine of the scapula is situated at about the middle 
of the outer surface of the bone. The acromion is usually well developed, some- 



Fig. 532. — Section of the left auditory bulla and surrounding bones of a Bear (Ursus ferox), 
a, m, external auditory meatus ; J5. O. basi-occipital ; Car, carotid canal ; e. Eustachian canal ; 
Sq. squamosal ; T, tympanic ; t, tympanic ring. (After Flower.) 


times with a metacromion. The coracoid process is very small. The clavicle 
is never complete, sometimes entirely absent. There is a supra-condyloid 
foramen in the Cats and some of the other groups, not in the Dogs or Bears. 
The scaphoid and lunar are united (Fig. 533). There is no separate cen- 



Fig* 533* — Carpus of Beax 
(Ursus americanus), c. cunei- 
form ; in. magnum ; p, pisiform ; 
r, s, radial sesamoid ; s. I, scapho- 
lunar ; td, trapezoid ; tm, trapez- 
ium ; w. unciform. (After Flower.) 



Fig. 534. — The phalanges of the 
middle digit of the manus of the Lion 
(Felis leo), ph^, proximal phalanx; 
ph^, middle phalanx ; ph^, ungual 
phalanx ; a, the central portion forming 
the internal support to the homy claw ; 
b, the bony lamina reflected around the 
base of the claw. (After Flower.) 


trale. Usually a radial sesamoid is present. There are five digits, though the 
pollex may be reduced in size, as in the Dog, and it is vestigial in the Hyaena. 

The pdvis is long and narrow. In the tarsus all the ordinary bones are 
developed. The hallux is fully formed in the Bgars, etc., but shorter than the 
other digits. In the Cats and Dogs it is represented only by a vestige of the 
metatarsal. 
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Fig. 535 B. — Skeleton of Seal (Phoca vitulina), (After Blainville.) 
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In the Pinnipedia (Fig. 535) both acromion and coracoid are short, and 
the scapula is curved backwards; there is no clavicle. The bones of the 
fore-hmb are short and stout ; the humerus has a prominent deltoid crest ; 
there is no foramen above the inner condyle. The ulna is greatly expanded, 
at its proximal, the radius at its distal, end. The manus is broad and expanded. 
The scaphoid and lunar are united to form a scapho-lunar. The ungual 
phalanges are nearly straight, slender, and pointed. The iha are short ; the 
symphysis pubis is short and without firm union of the bones. The femur is 
short, thick, and flattened. The fibula and tibia are commonly ankylosed 
proximally. The calcaneum is short and usually without a distinct calcaneal 
process-; the lateral digits are usually the longest. 



Fig. 536. — E^iller (Orca gladiator). (After True.) 


Order Cetacea. 

Modem Whales first occur, with an apparent suddenness, in the early 
part of the Miocene, with all the cetacean pecuharities of skeleton fully adapted 
to their completely marine life, and so far advanced in evolution as to hide 
those characters which would give information as to their original land- 
living ancestors. An earher Eocene evolution (the Archaeoceti), of uncertain 
relationship to modem forms, hardly tells us more, except for some slight 
indication of a possible Creodont ancestry. 

Modem Cetacea are characterised by the adaptation of many of their 
anatomical characters to their special mode of Ufe. Some of these stractures 
are new, some are normal mammalian stmctures much modified, and some 
ate entirely lost. Examples in the first category are : the formation of a thick 
layer of fat, the " blubber ” ; the horizontally expanded tail-flukes (Fig. 536) ; 
the dorsal fin ; the breaking up of certain arteries into retia mirabilia ; the 
intranarial epiglottis, the whalebone or " baleen ” of the Whalebone Whales ; 



582 


ZOOLOGY 


the extra digits (hyperdactyly) and extra phalanges (hyperphalangy, Fig. 537), 
both means of enlarging the surface of the paddle, are a common feature 
in the order. Of characters that have been modified from the normal may 
be mentioned the great obliquity of the diaphragm and its powerful muscula- 
ture ; the enclosure of the proximal elements of the 
fore-limb inside the body, and the alteration of the 
hand to a skin-covered paddle ; the peculiar shape of 
the scapula, with its well-developed forwardly directed 
achromion process and absence of spine ; the non-lobu- 
lated liver and lungs, and the division of the stomach 
into as many as four digestive regions. The whole 
u 


Fig- 537- — Dorsal surface Fig. 538. — Skull of Dolphin ifilobiocephalus), sagittal 

ot bones of the right anterior section, a, angle of mandible ; an extern^ nares ; A, S, 

limb of GlohicephalnB mdas* ali>sphenoid ; bh. basi-hyal ; B. O. basi-occipital ; B. 5. basi* 

the round-headed Dolphin sphenoid ; cd, condyle of mandible ; c, p. coronoid process ; 

showing h3rperphalangy. c. Ex, O, ex-occipital; Fr, frontal; J. P. inter-parietal; ME, 

cuneiform ; H, humerus ; 1. mesethmoid ; mx, maxilla ; Na. nasal ; Pa, parietal ; Pet. 

lunar ; B. radius ; s, scaphoid ; periotic ; PI, palatine ; P.Mx. premaxilla ; p, n, posterior 

td. trapezoid ; U. ulna ; «. unci- nares ; P.5, pre-sphenoid ; Pt, pterygoid ; s, h, stylo-hyal ; 

form. (From Cambridge Na- S. O. supra-occipital ; Sq. squamosal ; t, h. thyro-hyal ; Vo, 

tural History,) (After Flower*) vomer, (After Flower.) 

skeleton is naturally much modified. The skull has a greatly elongated facial 
and dorsoventrally compressed facial portions, the nasal openings, oftenasymme- 
trical, are placed far back on the upper surface of the head ; the tympanic bulla 
is loosely attached, and the cranial bones in general are much modified in shape 
(Fig- 538)- In the vertebral column the cervical vertebrae are shortened, com- 
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pressed, and, except in the Platanistidae, are fused together into one mass (Fig. 
539). The sternum is reduced. The features that have been lost are : hair, 
except for a very few facial bristles ; finger-nails, except for traces in the foetus ; 
external ears ; all skin-glands ; the lachrymal duct 
and nictitating membrane in the eye ; the tubercles 
of the ribs ; the odontoid process and the arti- 
culating processes (zygapophyses) between the 
vertebrae ; the entire sacrum and, except for 
traces, the hind-limbs. Of all mammals the 
Cetacea show the greatest deviation from the 
normal. 

The order falls into three sub-orders : the 
Archaeoceti, Odontoceti, and the Mystacoceti. 

The first-named sub-order consists of three 
families of primitive whales: the Protocetidae, 

Zeuglodontidae (or Basilosauridae), and Doru- 
dontidae. The Protocetidae {Protocetus and Pro- 
zeuglodon) are known from the Middle and Upper 
Eocene of Egypt, and are of some interest in 
that the dentition in Protocetus (Fig. 540) still 
shows a division into three incisors, a canine, 
three premolars, and three molars. The cheek- 
teeth have become elongated and sectoriail, but one 
at least — the third premolar — has retained an 
inner tubercle and is somewhat reminiscent of a creodont tooth. Prozeuglodon 
has evolved still further, and the anterior teeth are simple cones, and the 
posterior, which, however, are still two-rooted, are elongated, with secondary 
serrations. For the rest the skull and skeleton, as far as is known, have ad- 



Fig. 540. — Palatal aspect of skull of Protocetus. 


vanced a long way towards the Cetacean type. The Zeuglodontidae [Zeuglodon, 
Fig. 541) became unusually elongated, and were clearly a side-line, the Dora- " 
dontidae {Dorudon) were shorter-bodied and persisted till the end of the Oligo- 
cene. While the Archaeoceti are definitely Whales, they are more primitive 
in some respects. The head, for instance, has the, front part elongated, as in 



FiG. 539. — Section through 
middle line of united cervical 
vertebrae of Greenland Right 
Whale (Balaena mysticetus). a. 
vertebrae of Greenland Right 
Whale (Balsena mysticetus). a. 
articular surface for condyle ; e. 
eph3rsis of seventh cervic^ ; sn. 
foramen in atlas for first spinal 
nerve; 1-7, arches of cervical 
vertebrae, (After Flower.) 
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other Whales, but the cranial part is not compressed and the skull-bones bear a 
more normal relationship to one another that is the case in later forms. 

The Odontoceti, or *' Toothed Whales," are represented at the present day 
by the Iniidae and Platanistidae, Fresh-water Dolphins of South America and 
the Orient which retain a larger number of primitive characteirs than do other 
Whales, as, for instance, the free cervical vertebrae, each of considerable length ; 
the interlocking processes of the thoracic vertebrae; the double-headed 
anterior ribs ; the relatively simple hand with no increase in the number of 
digits or phalanges, etc. The Physeteridae {Physeter, the Sperm Whale), Ziphiidae 
[Ziphivs, Hyperoodon, Mesoplodon, ‘‘Beaked Whales,” “ Bottlenose,” etc.) 
whales with a much-reduced dentition ; the Delphinidae (a large group of 
many genera including Porpoises, Dolphins, the ‘‘ Narwhale,” etc.). The Agoro- 
phoridae and Squalodontidae are two extinct families, the first Oligocene and 
the second Miocene. 

The general characters of this sub-order are the possession of teeth, which 
with the exception of the Ziphiidae, are numerous and homodont. Whalebone 
is not formed. The skull shows a varying degree of asymmetry ; the external 



Fig. 541 — Zeuglodon from Romer, after Gidley. 


nostril is single ; the upper jaw is broad posteriorly, and in part overlaps the 
fronted bones. The anterior ribs usually have both capitulum and tuberculum. 
The sternum is formed of two or more stemebrae. The mandibular rami are 
flat and united by a firm s3miphysis. 

The Mystacceti or ‘‘ Whalebone ” whales appeared later in time, the modem 
families not being known until the close of the Miocene, and the sub-order 
has none of the primitive characters shown by many of the Toothed Whales. 
All teeth have been entirely lost except for a non-functional set in the embryo, 
and their place has been taken by the characteristic whalebone ; the mandibidar 
rami are strongly arched and are not united by a S3unphysis ; the sternum has 
become reduced to a single bone, and the ribs articulate with the vertebrae 
by the tuberculum only. The skull is S5anmetrical and the external nasal 
opening is double. 

The group is classified in three families ; the Cetotheriidae, a Miocene evolu- 
tion in which the compression of the skull had not proceeded as far as in the 
later forms ; the Balaenopteridae (" Fin-Whales," e.g., BaUena mysticetm, the 
Greenland Whale ; NeobaUena marginata, the " Pigmy Whale ” ; and the Balsen- 
opteridae {BaUenoptera, the " Rorquals ” ; Megaptera, the " Humpback ” ; 
RachianecUs, the ‘‘ Grey Whale," etc.). 
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Skeleton of Cetacea. — In the Cetax:ea 
the cervical region (Fig. 542) {cerv.) is 
always very short, and the constituent 
vertebrae are often completely fused 
together into a continuous bony mass 
(Fig. 539), or the atlas alone may be 
.separated from the rest ; but sometimes 
all the vertebrae are complete and 
separate. In the latter case they have 
small arches and long transverse pro- 
cesses consisting of two narrow bars 
with a wide space between them. The 
epiphyses are very distinct discs which 
often remain separate from the bodies up 
to a late period. The neural spines are 
well developed. The zygapophyses are 
not well developed, and are absent in 
the posterior portion of the trunk. In 
the absence of hind limbs there is no 
sacral region. The caudal region con- 
sists of numerous vertebrae beneath 
which, opposite the intervertebral 
spaces, aYe a series of chevron bones 
(chev,). 

In the Whalebone Whales only one 
pair of ribs articulates with the sternum, 
and none articulates with the body of 
the vertebra, but only with the trans- 
verse processes. In the Toothed Whales 
only a small number are connected 
with the sternum, sometimes through 
the intervention of intermediate ribs, 
and a few of the anterior only, in most 
cases, articulate with the bodies of the 
vertebrae ; but in some a greater number 
articulate with both transverse pro- 
cesses and bodies by distinct tubercles 
and heads. 

The sternum varies in shape. Some- 
times it consists of a presternum and 
a series of several sternebrae without 
xiphistemum ; sometimes (Fig. 543) 



Fig. 542. — ^Skeleton of Porpoise (Phoccena communis). Acr, acromion process of scapula; cerv. united cervical vertebrae; ckev. 
chewon bones; cor, coracoid process; hu.^ humerus; hy. hyoid; jug. jugal; lumb. trans. lumbar transverse processes; max. 
maxilla; nos. nasal; orb. orbit; -par. parietal; pelv, vestige of pelvis; per.ot. periotic; pelu. vestigial pelvis; pr.max, pre- 
maxilla; radius; rb. j, first rib; rb. 12, twelfth rib; sc. scapula; s. occ, supra-occipital ; st. sternum; tiln. ulna; zyg, pre- 
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it is a continuous plate of bone, occasionally with median notches or 
fontanelles. 

In the skull (Fig. 538) the brain-case is rounded, the jaws greatly elongated, 
often unsymmetrical. The parietals [Pa.) do not meet in the middle line above 
in most Cetacea^ being separated by the supra-occipital (S. 0 .) and an inter- 
parietal (/. P.) ; there is thus no sagittal suture. A large supra-orbital plate 
is developed from the frontal. There are large and stout zygomatic processes 
of the squamosal, but the jugals are extremely small. In all the recent forms 
the maxilla {Mx.) is very large and extends backwards to overlap a good deal 
of the frontal, and forwards nearly to the extremity of the snout ; while the 
premaxillae {P.Mx.), which are long narrow bones, bound but a very small 
part of the oral border of the upper jaw. The nasals {Na.) are very small. 
The tympanic bone is very large, and is sometimes fused with the periotic 

(Mystacoceti), sometimes not (Odontoceti). 
The lower jaw is remarkable for the absence 
of an ascending ramus. 

The scapula in most of the Cetacea is 
very broad and flat, expanded into the shape 
of an open fan. The spine is usually situated 
close to the anterior border, sometimes 
coalescent with it. The acromion is curved 
and flat, the coracoid also compressed and 
parallel with the acromion. In sotne, both 
Fig. 543.— sternum of Botqual acromion and coracoid are absent. There is 
wMsewtos). (After never any trace of a davicle. The humerus is 
short and very stout ; the head freely movable 
in the glenoid cavity ; the distal articulating surfaces are flat and oblique, meet- 
ing at an angle. The proximal ends of the radius and ulna are so firmly united 
with the humerus as to allow of very little movement ; at the distal end there 
are no complete synovial membranes. The manus is extremely modified. 
There are no s5movial joints; the carpus is in some (Whalebone Whales) 
almost entirely cartilaginous, as also are the metacarpals and phalanges — ^the 
cartilages being coalescent or separated by intervals of fibrous tissue : in some 
of the carpal elements bone is deposited. In the Toothed Whales the carpals 
are completely ossified, and are of polygonal form : the phalanges are also 
ossified, with incomplete synovial articulations. In the Cetacea there are 
sometimes five digits, sometimes only four : a few species have considerably 
more than the normal number of phalanges — sometimes as many as fourteen 
(hyperphalangy). The second digit is usually the longest. 

Vestiges of the pelvis are present in the form of a pair of long narrow bones 
(Fig. 543, pelv.) which lie parallel with the spinal column some little distance 
below the region where the dievron bones begin : these appear to rejaresent 
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the ischia. A second pair of smaller bones which lie close to these in the 
Whalebone Whales are apparently vestiges of the femora, and there may 
be additional vestiges representing the tibiae. 


Orders Perissodactyla and Artiodactyla. 

These two orders were formerly grouped together as the " Ungulata vera,” 
and distinguished from other hoofed animals which were called the “ Subun- 
gulata.” This classification no longer holds, and the two orders are considered 
to be entirely separate, and to have arisen from different pre-Eocene ancestors. 
A comparison of a typical Perissodactyl and Artiodactyl, such as a Horse and a 
Cow, shows a number of anatomical differences sufficient to prove that the two 
orders are fundamentally different. 

In the skeleton the most noticeable difference lies in the structure of the 
feet, from which the orders take their names. In the Horse the axis of the foot 
passes down the third digit, in the Cow it passes between the third and fourth 
digits. The first is a mesaxonic foot, the second paraxonic (p. 644). The 
utmost reduction that can take place in the number of toes in a Perissodactyle 
is three. (The Horse, although functionally one-toed, is anatomically three- 
toed, with the second and fourth toes represented by the splint bones.) In the 
Artiodactyles the number of toes, as in the Cow, can be reduced to two — the 
third and fourth. The tarsus shows points of difference. The shape of the 
astragalus (p. 649, Fig. 609) is in each case diagnostic and, apart from the 
fusion of several of the tarsal bones in some Artiodactyles which never occurs in 
the Perissodactyla, the artiodactyle cuboid always has an articulating surface 
with the calcaneum, which is distinctive (Figs. 602, 608). 

Among other differences the following may be quoted as examples. The 
Perissodactyle has a third trochanter on the femur, twenty-two or twenty- 
three dorso-lumbar vertebrae, and a peg-like odontoid process on the axis 
vertebra. The Artiodactyle lacks a third trochanter, has uniformly nineteen 
dorso-lumbar vertebrae, and a spout-like odontoid process. 

Some, but not all, Perissodactyles and Artiodactyles have a complete post- 
orbital border. When this is present, its composition differs in the two orders. 
In the Horse (Fig. 544) a process of the squamosal runs between processes of 
the frontal and jugal. In the Cow (Fig. 545) the posterior rim of the orbit is com- 
pleted by the frontal and jugal processes alone, and the squamosal is excluded. 
Iia(the dentition the trend of evolution in the Perissodactyla has finally resulted in 
almost complete molarisation of the premolars, in the Artiodactyla all premolars 
except occasionally the fourth are simpler than the molars. True horns with a 
bony horn core never occur in the Perissodactyla. Artiodactyla usually have 
a gall-bladder and a more or less complicated ruminating stomach. These 
structures never occur in the Perissodactyla. 
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Fig. 544. — Part of Horse's skull, showing the structure of the jugal arch. 
For temporal read squamosal. (After Wood-Jones.) 



Both orders occur definitely for the first time in the I.ower Eocene. The 
Artiodactyla still flourish in some abundance. The Perissodactyla, on the other 
hand, are much reduced from their former numbers and, but for protection, 
some might soon become extinct. 
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■Order Perissodactyla. 

This order arose from some member of the Condylarthra, and by the 
beginning of the Eocene had already divided into its five main lines of evolution : 
the Equoidea (Equidae and Palaeotheriidae) ; Rhinocerotoidea (Rhinocerotidae 
and Lophiodontidae) ; Tapiriidea (Tapirs) ; Titanotheroidea (Titanotheriidae) 
and Chalicotheroidea or Ancylopoda (Chalicotheres). 

With the main ordinal features as mentioned above held in common, these 
five sub-orders, the earliest representatives of which show a good dead of 
resemblance to one another, began to evolve on adaptive lines of their own, 
so that the terminal species of each sub-order acquired each a very different 
external appearance. The different trends of evolution are concerned chiefly 
with the structures of the feet and the teeth. If the teeth of Hyracotherium, the 
earliest known Horse ; of Homogalax, a Tapir ; of EotUanops, a Titanothere ; and 
of Hyrachyus, a Rhinoceros, be compared, it can be seen that all start on the same 
general plane, with low crowned teeth, with premolars simpler than the molars, 
and with the six original cusps of the upper molars still clearly traceable. 
Clo.ser examination of the molars, however, shows that beginnings of differences 
which ultimately lead to great differences in the final result (Fig. 546). In 
Hyracotherium, which has the most primitive teeth of any Perissodactyle, the 
protoconule and metaconule are only just beginning to elongate towards the 
paracone and metacone, and these two outside cusps are beginning to elongate 
in the anterio-posterior to form the beginning of an ectoloph. In Eotitanops 
the intermediate cusps and the hypocone do not progress, but tend to disappear, 
the protocone is large and remains bunoid, while the paracone and metacone 
form a precociously enlarged ectoloph with a strongly marked W outer border. 
The Chalicotheres have a similar type of tooth-structure. Homogalax shows 
already the tapiroid structure of a bilophodont tooth in the joining of the 
protocone, protoconule, and paracone into an anterior transverse crest and the 
h3rpocone, metaconule, and metacone into a corresponding hinder crest ; the 
ectoloph is hardly developed. Hyrachyus, the earliest Rhinoceros, is like the 
Tapir in forming transverse crests, but the ectoloph is more strongly developed 
and is produced into a characteristic metaloph behind. 

The Horses gradually evolved very hypsodont teeth, the Rhinoceroses rather 
less so, but in both cases a deposit of cement was acquired in the deep valleys 
between the cusps though to a much less degree in the Rhinoceroses. All other 
Peiissodactyles retained more or less brachydont teeth in which cement was not 
formed. 

In all Perissodactyla the premolars are at first simpler than the molars. 
During. the course of evolution all the premolars, with the exception of the 
first, invariably became molariform. 

In foot-structure the Horses became functionally monodactylous. The 
Titanotheres, Tapirs, and Rhinoceroses show a less degree of reduction, while the 
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Chalicotheres evolved a very aberrant foot-structure of their own. Details 
of the tooth-structure for each sub-order are given in Fig. 546. 

Sub-order Equoidea. 

The Horses present one of the most completely known phylogenies of any 
Vertebrates. In a condensed form it is as follows. There was a progressive 
increase in size and in height from the ground, due to a lengthening of the distal 
elements of the limbs, an adaptation to an increase in speed. In the feet, 
starting from a condition with four toes in the front-foot (there is no trace of a 
first digit, or thumb, in any Perissodactyle) and three sub-equal toes in the hind- 
foot, together with traces of the first and fifth digits, represented by nodules 
of bone, a gradual change took place whereby the central digit in both feet 
became progressively longer and stouter, the lateral digits became thinner, 
failed to reach the ground, and finally became reduced to splint-bones. The 
ulna and fibula became reduced to their proximal halves only and progression, 
at first sub-digitigrade, became unguligrade. In the skull the profile of the top 
of the head became changed from a straight to a convex line, and the facial 
part in front of the orbits became elongated. Up to the stage of Mesohippus 
the post-orbital bar was incomplete ; after that stage it became complete and 
progressively stouter. The teeth progressed from a brachydont and almost 
bunodont to a very hypsodont condition, with an increasing complication of 
pattern, and the molars eventually acquired a coating of cement on the out- 
side of the tooth as well as in the deep hollows between the cusps. The canines 
became proportionally smaller, and the premolars, at first simpler than the 
molars, gradually became molariform and, in size, ultimately actually larger 
than the molars. A cingulum round the cheek-teeth, characteristic of the 
earliest forms, was soon lost. 

A series of species can be selected to show these changes (Fig. 547), but 
the picture thus presented is only a partial one. Evolution did not proceed by 
a series of large jumps from the earliest t5q>e to the modem Horse — the progress 
was gradual. Moreover, there was not a single line of evolution of one genus 
succeeding another, but a continual branching off of side-lines, the majority of 
which, after var3n.ng periods of existence, became extinct (Fig. 548 )- is not 
always easy, among these branches, to trace the actual line of descent of the 
living Horses, though a reasonable approximation to the truth is probable. 

' Horses appeared first, with other Perissodactyla, in the Lower Eocene of 
Europe and North America in the genus Hyracotherium (the American species 
being placed in the genus Eohippus, which is not really distinguishable). In 
Europe during the Eocene there was an expansion of lines from Hyracotherium, 
all of which became extinct by the Oligocene at latest. These show varying 
rates of evolution, some, such as lophioUheriutn, having the premolars pre- 
cociously molarised, others on the contrary, while increasing in size remained 



THE EVOLUTION OF THE HORSE 


592 


ZOOLOGY 




PHYLUM CHORDATA 


593 


non-progressive in their teeth. One group, the Palaeotheres, departed alto- 
gether from a normal horse-evolution, and ended up in the Oligocene {PakBO~ 
tkerium ) , the size of a Rhinoceros, with the lateral toes unreduced, with molarised 
premolars and a dentition comparable to a much later horse such as Anchi- 
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Fig. 548. — E, European. A, North American. South American. side lines of 

small horse-like ammaTs derived from l^aootheritmi and confined to European Eocene and 
Early Oligocene without leaving any successors. . The presumed relationships of the American 
genera are based on work by W, D. Matthew. (Quarterly Review af Biology, 1926.) 

tkerium, and with recessed nasals showing the possession during life of a tapir- 
like proboscis. In all these cases the stage of evolution was out of phase, 
eit^l^ too advanced on one character or too retarded in another to be directly 
ancestral to later horses. No further horSes occurred in Europe until the 

Miocene. 
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Meanwhile in North America Hyracotherium (or Eohippus), of which genus 
a considerable number of species has been described, evolved by small increments 
in height and by a progressive molarisation of the premolars, so that by the 
Middle Eocene a new genus, Orohippus, can be recognised. In the Upper 
Eocene Epihippus replaced Orohippus, which is still more advanced. It is, 
however, questionable if it is a direct descendant of Orohippus, and there is here 
a gap in our knowledge, but, on the whole, the American horse genera during the 
Eocene formed a more direct line than those of Europe. In the succeeding 
Oligocene, Horses were represented in America by the genus Mesohippus, which 
had increased to the size of a sheep ; the feet were three-toed, with the lateral 



Fig. 549. — Boicliell’s Zebra (Equus burchetti). 
(From the Cambridge Natural History.) 


toes touching the ground, the median digit having become enlarged. All 
premolars except the first have now become molariform. Towards the close 
of the Oligocene another genus (Miohippus) arose, which is found together with 
the later species of Mesohippus, but persisted into the Miocene after the ex- 
tinction of the parent genus. During the Miocene there was not one line of 
Horses but several existing side by side, all of them derivable from Miohippus — 
e.g., Kalohatippus, Archceohippus, HypoMppus, and Anchiiherium (a genus 
which suddenly appears in Europe as an immigrant from North America). 
All these side-lines beoame extinct, but another genus, Parahippus, derived 
directly from Mesohippus persisted till the end of the Miocene, and during that 
time gave rise to the genus Merychippus. In this genus the teeth rapidly 
elongated in the sockets and there was formed a heavy deposit of cement not 
only between the cusps, but on the outside of the tooth as well. Merydtippm 
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in turn gave rise to a number of lines, including the world-wide genus Hip- 
parion, and to Protohippus and Pliohippus, which at the end of the Pliocene 
produced the genus Plesippus, the direct ancestor of the modern Horse. 

In South America at the close of the Pliocene and during the Pleistocene 
there was a separate evolution of Horses represented by the genera Hippidium, 
Onohippidium, and Parahipparion {Hyperhippidium) , all derived from PUo- 
hippm, and characterised by very long and slender nasal bones. These 
genera did not survive the Pleistocene. During the Pleistocene all Horses in 
North and South America became extinct, and the sub-order was carried on in 
the Old World. At the present time, apart from domestic breeds, the only 
wild Equid® are represented by E. prezevalskii of Central Asia, E. asinus, the 
Wild Asses of Africa. E. hemionus, E. onager, and E. hemippus, three species 



Fig. 350. — Indian Rhinoceros (Rhinoceros indicus). 
(From the Cambridge Natural History,) 


of Oriental Wild Asses, and finally four striped species of Africa Equus (or 
Hippotigris) the Zebras (Fig. 549). 

The table (Fig. 548) gives a list of the genera of Equoidea, their appearance 
in time, their distribution, and relationships.^ 

Sub-order Rhinocerotoidea. 

The Rhinoceroses are reduced now to five species : R. umcornis (the one- 
homed Indian Rhinoceros) (Fig. 55o). -K- sondaicus (the Javan Rhinoceros, 
also one horned), R. sumairensis (the Sumatran Rhinoceros, two-homed and the 
smallest living species), R. bicornis (the African Rhinoceros, two-horned), 
and R. simus (tjie “ white,” or Square-Upped Rhinoceros of Africa, also two- 

1 For faller details and for slightly different views as to the actual line of descent of the modern 
Uorses, 9ee W. D. Matthew (no. lo'i) and O. Abel (no. 86). For an account of the Horses of 
North America from the Oligocene onwards see H. F. Osbotn (no. 107). 
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horned). During the Oligocene to the Pleistocene periods the rhinoceroses 
formed a large, varied, and important group. The characteristic tooth- 
structure has already been mentioned. The feet are never reduced to less 
than three functional toes on each foot. Two or one horns may be present, or 
they may be entirely absent. In some cases horns were confined to the males. 

The sub-order, soon after its beginning in the Lower Eocene, divided into 
four main lines of evolution ; the Hyrach5dd* (the most primitive forms), 
Hyracodontidae (light cursorial animals), Amynodontidae (characterised by a 
great reduction of the premolars and enlargement of the molars). These three 
families became extinct during the Oligocene period, while the fourth, the 
Rhinocerotidae, beginning in the Eocene, spread out into many lines during the 
Oligocene and subsequent periods until the Pleistocene, after which time the 
sub-order became much reduced. The Rhinoceroses were a very polymorphic 
family, and there is still much uncertainty as to their classification and as to 
the line of evolution of the living forms. In certain cases genera can be dis- 
tinguished by some peculiar character, as, for instance, Elasmotherium, a large 
Pleistocene animal with a large forwardly directed fronto-nasal horn and with 
the enamel of the cheek-teeth much folded ; Baluchitherium, a Miocene 
rhinoceros with persistantly primitive teeth and procumbent lower incisor 
tusks, the largest known land animal standing eighteen feet high at the shoulder ; 
Chilotherium, a Pleistocene genus with an unusually broad symphysis of the 
lower jaws, etc. 

The Lophiodontidae were members of an Eocene to Oligocene evolution 
with characters intermediate between the Tapirs (with which they are sometimes 
placed) and the Rhinoceroses. The cheek-teeth were bilophodont, like the 
Tapirs, but with a metaloph more Hke that of the Rhinoceroses. 

Sub-Order Tapiroidea. 

During the Eocene period a number of small tapiroid forms evolved, which, 
like the European Eocene horse-lines, became extinct. A line, however, can 
be traced leading to the living forms, although the number of genera and species 
is comparatively few. The forest-living and solitary habits of Tapirs have no 
doubt militated against their frequent preservation as fossils. 

Originally the distribution of the group was widespread over the Old and 
New Worlds, but now it is restricted to one species in the Old World {Tapirus 
indicus of the Malay Peninsula, Borneo, and Sumatra), and to four New 
World species {Tapirus americanus (Fig. 551), and roulini, and Elasnu^naihus 
bairdi and dowi). 

Of all living Perissodactyla, the Tapirs are the least specialised. The feet 
have stout digits, four in front and three behind, the third digit in eadi case 
bemg somewhat enlarged. The skull has no trace of a post-orbital bar, the 
anterior nasal openings are exdatged and recessed, and the nasal bones small and 



PHYLUM CHORDATA 


597 


pointed upwards in correlation with the proboscis, which is characteristic of the 
group. The teeth are persistently brachydont and without cement. The 
molar teeth are bilophodont and devoid of any complication in the way of extra 
cusps or crests. Modern Tapirs seem to have stayed in a stage of evolution 
proper to the Miocene period. 

Sub-Order Titanotheroidea (or Brontotheroidea) . 

The Titanotheres ^ in their day were a large and important group and, 
although known chiefly from North America, had actually a wide distribution, 
species having been found in Mongolia, Burma, and one in Europe. The sub- 
order was pol5^hyletic, and a number of lines developed with differences of 



Fig. 551. — ^American Tapir (Tapirus terrestris), (From the Cambridge Natural History,) 

proportion in the skull, skeleton, and teeth, but in many cases showing also 
parallel development in unrelated lines in the bony nasal " horns.” 

The terminal species attained to a great size, as much as eight feet at the 
shoulder, but in spite of some specialisation of shape, all remained essentially 
undeveloped. The brain remained small for the size of the body, the skull long 
and low, and the feet retained four rather unmodified digits in front and three 
behind. The dentition (Fig. 546) was evolved in a direction that appears to 
be inadaptive and incapable of chewing hard grasses, a condition that may have 
played a contributing part in the extinction of the sub-order. In the upper 
molars the protocone remained a round but large cusp, the hypocone the same 
but smaller, the protoconule and metaconule disappeared, while the para- 
and metacones became greatly enlarged, and together formed a hig^, W-shaped 
outer wall. The premolars remained rather small and less molarised than in 
other Perissbdactyla. . 

* For very full account of these animals see H. F. Osborn, The Titanotheres of Ancient 
Wyoming^ Dakota and Nebraska/* Two volumes. Washington, 1929. 
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The earliest Titanotheres to appear were Lambdolherium, a genus that left 
no successors, and Eotitanops, both of the Lower Eocene ; through the Middle 
and Upper Eocenes there arose a number of phyla until the sub-order cul- 
minated in the Lower Oligocene in such large animals as Brontotherium 
(Fig. 552), Emholotherium, Megacerops, and others. In North America none is 
found later than the Lower Oligocene, but some, found in Mongolia, have per- 



Fig. 552- — A, BrontotheTiom leidyi. B. B. pistyoeraa. (After Osbom.) 


sisted into the Middle Oligocene after which time the Titanotheres appear to 
have come to an end. 

Sub-Order Chalicotheroidea or Ancylopoda. 

This sub-order shows much resemblance to the last in tooth-structure and 
pattern, but is characterised by an unusual foot-structure for a Perissodactyle. 
There are three functional toes on each foot, the front foot bearing, in addition, 
a splint of the fifth digit. The digits are subequal, and the toes bejir, instead 
of hoofs, strong claws which resemble those of some of the £deitfia.ta. 

Examples are known from the Eocene to the Pleistocene from North America 
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(e.g., Eomoropus, Moropus ) ; and from Europe, Asia, and Africa (e.g., Chali- 
cotherium (Fig. 553), Macrotherium, Schizotherium) . 



Fig. 553 A. — Chalicotherium. 


Order Artiodactyla. 

This order, the chief ordinal characters of which 
have already been mentioned, is represented at the 
present time by such animals as Pigs, Peccaries, 
Hippopotami, Camels, Giraffes, Sheep, Oxen, Deer, 
-/■ Antelopes, etc. In the past there were, in addition, 
many forms that have become extinct, and the 
order, as a whole, is larger and more varied than 
the Perissodactyla, and the division between its 
sub-orders deeper and more marked. 

While the classification of the living forms 
into two main sections — the “ bunodonts ” (Pigs, 
Hippopotami) and the " seleno- 
donts ” (the remainder of living Artiodactyles) — 
presents no great difficulty, to discover their origin and relationships to one 
another and to the many important extinct forms is by no me^s easy, and 
there is at present no complete agreement as to the correct position of some 
©f the families. 
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The earliest known Artiodactyla are represented by the genera Diacodexis 
and Hotnacodon of the Lower Eocene, very primitive animals with the 
upper molars still in the tritubercular condition, but whose paraxonic feet 
and diagnostic artiodactyle astragalus {Figs. 604 and 606) at once 
betrays their true zoological position. They form part of the super-order of 
Bunodonta. 

A working classification of the order, based on a combination of foot- and 
tooth-structure, is as follows. There are four super-orders — the Bunodonta, 
Ancodonta, Tylopoda, and, largest of all, the Pecora. The Bunodonta are 
characterised by having rounded cusps on the teeth, and are further divided 
into two superfamilies, the Dichobunidoidea, Dichobunidae {Diacodexis, 
Hotnacodon, Dichohune, etc., none of which persisted beyond the Oligocene at 
latest). The teeth of these animals vary from the tritubercular up to molars 
with the typical six cusps, and the Entelodontidae (which had didactyl feet) 
with, four cusped upper molars. Some species of this family reached a 
large size. 

The second superfamily, the Suoidea, is characterised by having more 
specialised teeth. The canines are triangular in section and at times become 
stout tusks ; the molar teeth, while retaining bunoid cusps, have secondary 
cusps added to the original pattern. This group contains the Tagassuidae or 
Dicotylidae (the Peccaries), the Suidae (Pigs), and the Hippopotamidae. The 
feet always have four toes. 

The Ancodonta, a sub-order now entirely extinct, consists of four-toed 
animals with teeth that range from a buno-selenodont to a fully selenodont 
pattern, and from five to four cusps, the hypocone invariably being absent. 
The position of the protocone, usually on the anterior border of the molar, 
has in one family — the Cainotheriidae — migrated to the hinder border, where it 
takes up the normal position of the hypocone. The four families of the Anco- 
donta are : the Anthracotheriidae, animals from the size of a rabbit up to large 
species, as Anthracotherium ingens, the size of a hippopotamus. The Anop- 
lotheriidae are a family not far removed from the last, but have only three 
functional toes, very elongated premolars, and small canines. The Caino- 
theriidae, with peculiar molar teeth, as just mentioned, axe a group of smadl, 
rabbit-sized animals with four short toes, of which the lateral ones barely 
reach the ground. The Oreodontidae, a family entirely North American, where 
it had a long range from the Eocene to the Pliocene, had four toes, strongly 
selenodont teeth, and the first lower premolar functioning as a canine, the canine 
being incisiform. In some the last premolar became mokrifomi. 

The sub-order Tylopoda, or Camels, form a clearly defined section. Starting 
with the Eocene genus Xiphodot^ amd the small, but obvious Caunel, Poebro- 
therium, of the Oligocene, the characters of the group appeared quite early. 
The feet became precociously didactyl, and the dev«iopment of the fore and 
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hind digits proceeded at an equal rate. The carpals and tarsals, unlike those 
of the Pecora, have never fused, while the metacarpals and metatarsals soon 
fused into a cannon bone whose distal ends gradually became divergent, with 
smooth, unkeeled, articular surfaces for the phalanges. 

The dentition is peculiar in the living species. In the upper jaw there is 
the full number of incisors in the young state, but in the adult only the third is 
retained as an isolated recurved tooth similar in pattern to the upper and lower 
canines. The full number of lower incisors is retained as procumbent spatulate 
teeth. The premolars are reduced to the last two, and are small. The molars 
are very hypsodont, and their four cusps selenodont. In the neck vertebrae 
the vertebral artery takes the unusual course of piercing the anterior part of 
the transverse process, instead of traversing its whole length in the usual 
manner. The ruminating stomach is rather simpler than that of the Pecora, 
but is characterised by the possession of water-cells (Fig. 628, p. 666). 

The sub-order is now reduced to two species of Camel, Camelus dromedarius, 
the one-humped Arabian form, which is no longer to be found in the wild state, 
and C. hactrianus, the two-humped Bactrian Camel of Turkestan. In South 
America the representatives are the Llama, Huanaco, and Alpaca, all smaller 
animals without the hump, and edl included in one genus, Auchenia. The 
sub-order seems never to have been a large one, but there have been described 
several genera, some of them — as AUicamelus, a “ Giraffe-necked ” form — off 
the main line of descent. 

The sub-order Pecora, or "ruminants,” forms a very large and diverse 
group characterised by a few characters held in common, as, for instance, the 
total loss of the upper incisors. The upper canine is also usually lost, but, in 
the rarer cases where it persists, it is much enlarged. Flat, spatulate lower 
incisors are all present, as is the lower canine, which has the same shape as the 
incisors, and is closely pressed against them. The premolars are smaller than 
the molars, and the latter have four crescentic cusps. The feet always have a 
cannon bone. The lateral toes are usually lost and the feet absolutely didactyl. 
In some cases the second and fifth toes remain, but are never complete (Fig. 
601, p. 647). In this group the ruminating stomach attains its highest 
development of four complete chambers (Fig. 628, p. 666) and horns, of which 
there are several types, though not always present, reach their greatest pitch 
of structure and size.’' 

The main divisions of the Pecora, ranking as superfamilies, are the Tragu- 
loidea (Chevrotains), Cervoidea (Deer), Giraffoidea (Giraffes), and Bovoidea 
(Prongbucks, Sheep, Goats, Antelopes, Oxen, etc.). 

The Traguloidea are a number of families now represented only by four 
species of the Oriental genus Tragulus, the " Che'vrotains ” or " Pigmy Deer.” 

' See Childs Frick, Homed Ruminants of North America.” Bulletin, American Museum, 
New York, 1937, to examples of the variety of horn pattern. 
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These axe the most primitive of living deer, and are characterised by the 
possession of much-enlarged upper canines and feet that are less highly evolved 
than the feet of other members of the Pecora, in that the lateral toes of both 
feet are still complete, though slender as is the fibula. The navicular, cuboid, 
and entocuneiform bones of the tarsus, however, are fused together. The 
odontoid process of the atlas vertebra is conical, and not spout-like. The 
stomach has only three instead of four compartments. As a rule there are no 
horns, but they were present in at least one of the extinct families, the 
Protoceratidae. 

The Cervoidea, dating from the Miocene, and perhaps even earlier, are 
contained in a single family, the Cervidae. They are characterised by having 
deciduous horns or antlers confined, with one exception — the Reindeer — to 
the males. Horns are absent in only two instances : Moschus and Hydropotes. 
The lateral toes are nearly always present, but are never complete. In some 
the distal extremities of the metacarpals are retained (Telemetacarpal condition), 
and in others, including most of the Old-World Deer, the proximal elements 
alone persist (Plesiometacarpal condition). In both cases the phalanges are 
much reduced in size and do not touch the ground. The skull has two orifices 
for the lachrymal duct and a very large antorbital vacuity. There is no gall- 
bladder except in Moschus. 

Moschus and Hydropotes are two rather aberrant forms in an otherwise 
fairly compact family. Moschus, the Musk Deer, is placed by itself in a separate 
subfamily, the Moschinae. It is hornless, and the male has large upper canines, 
and a gall-bladder is present. Hydropotes, the Chinese Water-Deer, although 
placed in the second subfamily, the Cervinae, differs from them in being hornless 
and in having large upper canines like Moschus, but in all other respects is a 
true Deer. Of the Cervinae there are many genera still living in the Old and 
New Worlds, but none in Africa south of the Sahara. 

In the Giraffoidea the horns are non-deciduous, always covered with hair, 
and are simple and unbranched, except in an extinct side-line represented by a 
few Pliocene genera such as Vishnutherium, Sivatherium, and Bramatherium, 
which had hair-covered palmated antlers. The upper canines are absent, as 
are all traces of lateral digits, not even the lateral hoofs persisting. The humerus 
has a characteristic double bicipital groove. The group may be traced from 
the Miocene Palseomerycidae, and is now represented by the Giraffe and 
Okapi. 

The Bovoidea are a compact group with well-defined characters. There 
are no upper canines or incisors, and there is only one 'orifice to the lachrymal 
duct. The lateral toes are completely absent except for the persistence of 
small horny hoofs in which there may be a nodule of bone. A gall-bladder is 
present. Horns are universally present in both sexes and, with the partial 
exception of the Prongbuck, are never shed. They are never branched, but are 
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of many shapes : curved or spiral, smooth or round. They consist of a bony 
horn core covered with the horn proper, which is formed of a substance allied 
to hair. 

There are two families : the Antilocaprid£e, or Prongbucks of North America, 
which are separated from the rest because the outer horn has a backward 
prong and this horn is shed at irregular intervals. The remainder, the Bovidae, 
consist of a large number of forms divided into subfamilies whose boundaries 
are not always very clearly definable. 



Fig. 554. — Hippopotamus (Hippopotamus amphibius) , (From the Cambridge Natural History.) 

Order Proboscidea.^ 

Except for a remote connection with the Sirenia and H3n:acoidea, the 
Proboscidea occupy an isolated position. At an early period of their history 
they acquired a number of peculiar adaptive characters which at once clearly 
distinguish them from other mammals, although they have retained to the 
present day several persistently primitive features, such as, for example, 
the pentadactyle hand and foot, a brain in which the cerebellum is uncovered 
by the cerebral lobes (which are, however, well convoluted), permanently 
abdominal testes, and a double vena cava. 

Most, if not all, of the specialised features of the skeleton can be attributed 
to the interaction of three main factors : namely, the proboscis, or “ trunk,” 
the peculiar tusks and dentition, and the great size and weight of the body- 
all features that arose early in the evolution of the order. 

The long, prehensile trunk, reaching nearly to the ground, made possible 

1 Fof A very full Account of the Proboscidea see H. F. Osborn ** Proboscidea,** American 
Museum, 1936. 
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the great shortening of the neck, and this, in turn, gives a mechanical 
advantage in the support of the combined weight of the proboscis, skull, 
and tusks, which may weigh as much as 175 pounds for a single tusk 
in the African Elephant. At the same time an enlargement of the area 
of the skull becomes necessary for the insertion of muscles and ligaments 
of the neck, and this has been brought about by a separation of the inner 
and outer tables of many of the bones of the skull, in particular the frontals 
and parietals (Fig. 555). To avoid undue weight, the spaces between the 
tables of bone are filled with air-cells and, incidentally, this has caused an 
obliteration of most of the sutures between the bones. 



555* — Section of skull of African Elephant (Elephas africanus), to the left of the middle 
line. an. anterior nares ; ME. mesethmoid ; pn. posterior nares ; Vo. vomer. (After Flower.) 

The presence of the proboscis has induced a shortening of the facial region, 
a recession of the nasal opening towards the top of the head, and a reduction 
in size of the nasal bones similar to the condition seen in the Tapirs, but 
to a greater degree. To carry the great weight of the head and body, the 
legs, simple in their general plan, have become pillar-like, with a loss of angu- 
lation, the carpals and tarsals are serial and compressed and, while the hand 
and foot are still pentadactyle, the digits are short, stout, and united by skin, 
with each toe ending in a small hoof. Progression is digitigrade, the back of 
the digits being suj^rted by an elastic pad of tissue. In the fore-limb the 
ulna and radius are permanently crossed in the position of pronation, and 
the ulna is unique in having its distal articulation with the carpus larger than 
that of the radius. The pelvis has broad ilia and is vertical in direction, an 
adaptation found in many heavy-bodied animals. Clavicles are absent. ' 

The dentition is highly characteristic. In more recent Elq>hauts the upper 
tusks, which are the second pair of incisors, are the only ones to persist, the 
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lower incisors having disappeared during the Mastodont stage of evolution. 
Nor is there any enamel left except for a small cap on the point of the tusk, 
which soon becomes worn off. Premolars have not persisted beyond the 
Mastodont stage. Of the six cheek-teeth the three anterior are milk-teeth, 
which are soon worn down and pushed out at a very early period in the 
Elephant’s life by the three large molars. The remainder of the animal’s life is 
served by the three molars in each half of the upper and lower jaws. There are 



Fig. 556. — Skull of a young Indian elephant dissected to show the developing teeth. 

(From a specimen in the University Museum of Zoology, Cambridge.) 

never more than two of the molars in use at one time in each section of the jaws 
owing to their size, peculiar structure, and method of growth. They consist 
of a number of deep plates of enamel-covered dentine bound together by cement. 
The teeth while forming lie at an angle to those in use and are at a higher level 
in the upper and lower jaws (Fig. 556). As they slide down into the position 
of wear they push the anterior teeth forwards until, after being nearly worn 
down, they fall out. 

There are four sub-orders : the Moeritheroidea, Deinotheroidea, Masto- 
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dontoidea, and Elephantoidea, distinguished by differences in the arrange- 
ment of the tusks and in the pattern and degree of complexity of the molar 
structure (Figs. 560, 561, 562). 

The Moeritheroidea {Mceritherium, Upper Eocene and Lower Oligocene of 
Egypt) are the most primitive proboscideans, showing some points of similarity 
to the Sirenia, but are probably not directly ancestral to the Elephants. The 
dentition, while showing the beginning of proboscidean characters, is less highly 
specialised. In the upper jaw there are still three incisors, of which the second 



Fig. 557. — MoBritherittm. Skull and lower jaws. (After Osborn.) 


pair are enlarged as tusks, a canine, three premolars, and three molars. The 
lower jaw has only two pairs of incisors, the second being enlarged as tusks, 
and lacks the canine (Fig. 557). The molars are bilophodont, except the 
third, which shows the beginning of a third ridge. 

The Deinotheroidea [Deinotherium, Fig. 559) (Upper Oligocene — Pliocene 
of Europe and Asia) are characterised by the absence of upper tusks and the 
presence of a pair of downwardly turned lower tusks. The molar-teeth are 
partly bilc^hodont and partly trilophodont. 

The Mastodontoidea are a large and pol3rphyletic group with many des- 
cribed families, genera, and species. The upper tusks are large, downwardly 
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turned, and with an enamel band on the outer side only ; the lower txisks 
are present in early forms, and are either downtumed or procumbent with, 
or without, an enamel band. In later forms they disappear. The molar- 
teeth vary in the number of ridges from three up to as many as seven (in the 
third lower molar) (Fig. 561). In structure the ridges, as compared with the 
true Elephants, are lower, the cusps more separate, and there is no cement 
in the valleys between the ridges. Examples are Palaomastodon (Fig. 558), 
an early form from the Oligocene of Egypt, and Stegomastodon a Pleistocene 
form, etc. 

The Elephantoidea, like the last, are a large and equally polyphyletic group. 
They are characterised by the total^loss of the lower tusks and of the enamel 



Fig. 560. — Fundamental arrangement of the tusks, or second incisors in the four sub-orders 
of Proboscidea. I. MoBritherium, the first pair of incisors are present, the second pair forming 
small tusks and both pairs covered by enamel (e). II. Deinotheriam. The upper incisors are 
lost, the lower downtumed and bent backwards. No enamel. III. Bhynchouerinm .(a mas- 
todont). Enamel bands remain («) on the outer sides of the upper-lower tusks. IV. Cephas. 
Lower tusks much reduced or, usually, lost. Upper incisors form large tusks. The enamel 
except in very early forms is lost. (After Osborn.) 


on the large upper tusks, except at the tip in the young stage. The ridges 
of the molar-teeth deepen and become progressively flattened into plates, 
and the ciisps in each ridge become obliterated. Cement is laid down between 
the plates. The ridges, or plates, increase in number to as many as twenty- 
seven. Tlie pattern and the number of ridges are of use in classification, as, 
for example, in the living Indian Elephant {Elephas maximus, Fig. 562 B) and 
the African {Loxddonta africana. Fig. 562 A). 

The migration of the Proboscidea is interesting. The group appears to 
have originated in North Africa, and then to have migrated to Asia, whence 
a second radiation took place, some spreading over all Asia and Europe to 
North, and finally. South America, while some returned to Africa to spread 
over that continent. 


PHYLUM CHORDATA 


609 


Trilophodon 
macro^fnaduis > 


Trilophodon 

chinjiensis 


Trilophodon 
palaeindi cuo 


^ Trilophodon 
\ cooperi 

^ \ Trilophodon 
^ ^ cooperi 


phiomia S 

ooborni § 

Palaeomostodan. ^ 
intermedium ^ I 


Mperit/ierium 

andreiooi 








Flo. 56i.-Evolution of the molar tooth in Mastodonts. (After Osborn.) 
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Order Sirenia. 

The Mammals of this order, being fully aquatic, present a number of 
structural features convergent with those of the Cetacea, such as the thick, 
almost hairless, skin with an underlying layer of blubber ; the loss of external 
hind-limbs ; of an external ear, and of the sacrum ; the diaphragm, like that 
of the Cetacea, is oblique and very muscular, and the fore-limbs, though less 
highly modified, are paddle-like, and the tail is flattened and either rounded 
or rhomboidal in outline. 

That there is, however, no real connection. with the Whales is shown by 
various features. The skeleton of the arm, for instance, is more normal in 




Fig. 562. — Molar teeth of A. African, B. Indian, Elephant. 


its proportions and has the joints complete and the fingers little modified, 
beyond being bound together in a web of skin. The scapula is long and narrow, 
and shows none of the cetacean characters in its shape. The skull and denti- 
tion are specialised, the tympanic bone is ring-shaped, the cervical vertebrae are 
not ankylosed, and the whole skeleton is strong and the bone very dense — all 
features which differ from those of the Cetacea. 

The order is represented at the present day by the Manatees {Trichtchus^ 
Manatus), which live in the fresh waters, or along the coasts of ^uth America 
and Africa, and the Dugong {Dugong = Halicore) (Fig. 563) of the Oriental and 
Australian coasts. A third genus and species, Steller’s Sea Cow (Hydrodamalis «= 
BJ^tina), of the North Pacific, only became extinct during the eighteenth 
century. 

The Manatee and Dugong differ in some respects, and are placed in 


PHYLUM CHORDATA 


6ii 


families. In the Manatee (Fig. 564) the cheek-teeth are covered with enamel 
and are bilophodont, somewhat like those of the Proboscidea. There is a large 


munber of them, up to twenty in each half of 
the upper and lower jaws. They are, how- 
ever, not all in use at any one time, but are 
continuously replaced from the hind end. 
The premaxillary region is small and little 
deflected. There are only six cervical 
vertebrae. The fingers have the remains of 
nails. The Dugong, on the other hand, has 
a reduced dentition as far as the grinding- 
teeth are concerned, never having more than 
six, and even these are somewhat degenerate 
and without pattern. The premaxillary 
region is, however, enlarged into a down- 
turned rostrum, and bears, in the male, a 
pair of stout tusks. The anterior part of 
the mandible is covered by a horny pad, 
under which can be found traces of the lower 
incisors. There are no nails on the fingers, 
and there are the normal seven cervical 
vertebrae. 

The earliest Sirenia have been found in 
the Prorastomidae of the Middle Eocene of 
Egypt (Eotheroides = Eotherium) and of the 
West Indies (Prorastomus). The site of 
origin of the order, therefore, and of its 
ancestral form is unknown. The Prora- 
stomidcB have a complete eutherian dentition, 
a rostrum but slightly enlarged, the tusks 
small, and although the hind-limbs have 
already gone, the pelvis is but little reduced, 
and the family is clearly more primitive, and 
structurally ancestral to later forms. From 
the Miocene onwards several genera have 
been described diverging along different lines, 
but all showing a progressive reduction of the 
pelvis. All these are united in a sub-order, 
the Tiichechiformes, to distinguish them from 
a second sub-order, the Desmostyliformes, 
which are represented by a sole family and 
genus Desmoistyhts, found in Miocene deposits 



Fig. 563, — Skeleton of Dugong (Dugong australis). After Blainville. 
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of the Pacific coasts of North America and Japan. Its chief characteristic 
lies in the peculiar dentition. There are two procumbent lower incisors, the 
upper being small or absent. The molars are columnar and formed of a 
number of closely appressed cylinders covered with a thick layer of enamel. 

Skeleton of Sirenia. — In the Sirenia (Fig. 563) the cervical vertebrae do 
not coalesce, with the exception of two of them in the Manatee. In the 
Manatee there are only six cervical vertebrae, and the neurad arches axe some- 
times incomplete. In the trunk the thoracic vertebrae are numerous; all 



Fig. 564, — Section of skull of Hanatee (Manatus senegalensis). 
In addition, ET, ethmo-turbinal ; Ty. tympanic. (After Flower.) 


have well-developed facets for the heads of the ribs, and well developed zyga- 
pophyses. The caudal vertebrae are numerous, depressed, with wide transverse 
processes. The ribs are numerous, but few of them are connected with the 
sternum. The sternum is a broad bone not composed of distinguishable 
segments. 

The sktdl (Fig. 563) is characterised by its extreme hardness. The cranial 
cavity is rather long and narrow as compared with that of the Cetacea. 
Although the supra-occipital (S. 0 .) is produced forwards on the upper surface 
of the skull for a considerable distance, it does not separate the parietals 
(Pa.) from one another. The frontals develop broad supra-orbita^l plates. 
The zygoma is stout. As in the Cetacea, the external nares are wide. 
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but they are relatively farther forwards. The nasals are rudimentary. The 
tympanic and periotic are readily separable from the other bones. There are 
enormous premaxillae in the Dugongs. The mandible has a well-developed 
ascending ramus and coronoid process (c. p.). 

The scapula of the Sirenia is much more like that of the terrestrial ma m mals 
than the scapula of Cetacea, and is nearer that of the Seals ; it is narrow and 
curved backwards. The spine is situated about the middle ; the acromion is 
directed downwards. The coracoid is fairly well developed, and of a conic^ 
shape. The clavicle is absent, as in the Cetacea. The skeleton of the arm also de- 
parts less from the ordinary mammalian type than in the Cetacea. The radius 
and ulna are ankylosed at their extremities. The carpus has seven bones in the 
Manatee : the pisiform is absent. In the Dugong coalescence takes place 
between the carpal bones, so that the number of ossifications is reduced in 
the adult. There are five digits, all of which possess the normal number of 
phalanges. 

The pelvis is represented by a pair or more of vestiges widely separated 
from the spinal column, and having a vertical position : they probably represent 
the ilia. 


Order Hyracoidea. 

The Hjnracoidea show a most curious mixture of primitive and specialised 
characters, and some, in addition, in which they seem to resemble several 
different orders of mammals. The living forms of " Coneys ” are all small, 
rather rabbit-like animals of North Africa and Western Asia, and are included 
in a single family, the Procaviidae ( = Hyracidae) with the genera Procavia 
(Hyrax) and Dendrohyrax, the latter being semi-arboreal forms. 

The feet are plantigrade, with four toes and a vestige of the hallux on 
the front-, and three on the hind-foot ; the third toe is longer than the others, 
and all end in small flat hoofs, except the second digit of the hind-foot, which 
has a curved claw. The centrale persists in the carpus and the astragalus 
(Fig. 609) differs in shape from that of any other mammal, in that the malleolus 
of the tibia has a large flat bearing on it. The clavicle is absent. In the skull 
are several peculiar features. The post-orbital process arises largely from the 
parietal, and the post-orbital bar is complete in Dendrohyrax (Fig. 565), but not 
in Procavia (Fig. 566) . The j ugal is a very stout bone, and extends backwards to 
take as large a share in the glenoid cavity as in any Marsupial. The periotic 
and tympanic are ankylosed together, but not to the squamosal, the tympanic 
forms a bulla and has a spout-like external auditory meatus. The seventh 
cervical vertebra is sometimes pierced by the vertebral artery. The scapula 
is triangular, as in Artiodactyla, and lacks the acromion. There are as many 
as twenty-two. dorsolumbar vertebrae. The radius and ulna are partially 
crossed, as in the Proboscidea. 



6i4 zoology 

The dentition consists of a single pair of large curved upper incisors grow- 
ing from persistent roots like those of Rodents, but which are triangular in 
section, canines are absent, and there are four premolars and three molars, 
which are lophodont, and in pattern look like the teeth of a rhinoceros in 
miniature. In the lower jaw there are two pairs of incisors, which are spatulate 




Fig. 565. — Dendrobyraz. Skull, upper and lower dentitions. The arrow in the lower 

jaw points to a foramen. 

and comb-like, as in some Lemurs. The lower jaw has a foramen which pierces 
the coronoid just behind the last molar, as in the South American T5TX)theres. 

There is no gall-bladder, but the caecum has a pair of caecal pouches, which 
are unknown in any other mai^al. The testes aire abdominad. There is a 
dorsad gland on the back auialogous to that found in the Pea»ries. With this 
curious mixture of characters it is not easy to sxiggest what awe the affinities 
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or what the origin of this order. It has been stated that there is a remote 
affinity with the Proboscidea and Sirenia.^ 

The order is known as far back as the Oligocene of Egypt, where Sagha- 
iherium and Megalohyrax have been found. Both are hyracoid in dentition, 
but neither appears to be on the direct line of evolution ; the latter form was 
of considerably larger size than the modem forms. Myohyrax comes from 
the Lower Miocene of Egypt and Pliohyrax from the Lower Pliocene of Greece. 
The order appears to have originated, like the Proboscidea, in North or Central 
Africa, but until some representatives can be found in Eocene deposits, little 
light can be thrown on the problem of their origin. 



Fig. 566. — Skull of Hyrax (Procavia). The suture between the frontal and 
parietal has been by an error made to run behind the post-orbital process. 


Orders Barytheria and Embrithopoda. 

These two orders have to be formed to receive each a single species of 
mammals . Of the Barytheria {Barytherium, from the Upper Eocene of Egypt) 
little is known beyond a lower jaw with bilophodont teeth, except the third 
molar, which is trilophodont, and a procumbent tusk-like incisor. The denti- 
tion is somewhat like that of Deinotherium, but the humems, almost the only 
bone discovered, is not proboscidean in shape. 

Of the Embrithopoda {Arsinoitherium, from the Lower Oligocene of Egypt) 
the complete skeleton is known. This shows a heavy animal the size of a 
rhinoceros, with massive limbs and stumpy, five-toed feet. The skull is 
remarkable for the presence of a pair of large, forwardly directed nasal horns 
placed side by side and united at their bases, and a pair of quite small frontal 
horns. The dentition is complete and is without diastemata. The canines 
are incisiform and the cheek-teeth hypsodont, the molars bilophodont. 

> For detaOs see Gr^ry, " The Orders of Mammals *’ (No. 94). 
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Beyond a faint suggestion in the molar pattern of some Hyracoid affinity, 
nothing can be said as to the relations of this peculiar animal. 

Order Tillodontia. 

An archaic order, of which specimens are found only in the Lower and 
Middle Eocene of North America. Esthonyx, Anchippodus, Tillotherium are 
the only described genera. TiUotherium, the last member to survive, reached 
the size of a Bear. There are two pairs of incisors, of which the first are small, 
the second much enlarged, rootless, and rodent-like. The condyles of the jaws, 
however, are transverse, and entirely unlike the condition found in the rodents. 
The canines are small, the premolars and molars brachydont and bunodont. 
The origin of the order is still very uncertain. 

Order T^niodontia. 

This order, of which representative are known from the Palaeocene 
(Conoryctes, Calamodon, Onychodectes, Psittacotherium, etc.) to the Middle 
Eocene (Stylinodon), is, like the Tillodonts, a very obscure one. 

Earlier forms are primitive and somewhat insectivore-like in having a com- 
plete dentition and enamel-covered teeth. Stylinodon, the last survivor, had 
more definite characters in its very hypsodont, rootless teeth, with the enamel 
confined to bands at the sides. These teeth are peg-like and without molar 
pattern. 

Both the Tillodontia and Taeniodontia appear to have become specialised 
early on side lines which were, comparatively speaking, of short duration. 

Order Rodentia. 

The Rodents can be clearly diagnosed by a characteristic arrangement of 
their dentition for the two puiposes first of gnawing and then of chewing 
their food. The order, with nearly three thousaind living species described, 
is at the present time numerically the largest of all the mammalian groups. 
No Rodent reaches, or ever has reached, any great size, the Capybara {Hydro- 
choerus), which is of the size of a small Pig, being the largest li-ving form, but 
one which may have been exceeded by two extinct species of Beavers [Trogon- 
therium and Castoroides). Most Rodents are rather small, and some such as 
the Harvest Mouse {Mus minuius), are among the smallest known mammals. 
The distribution of the group is world wide, and many species such as the 
Lemming {Myodes lemmus) and many species of Rats and Mice, can exist in 
almost incredible numbers, and are of economic importance from the damage 
they do to crops and stores and as the assistant-carriers of disease. 

The characters of the order are as follows. There is never more than a 
single pair of upper incisors, with the exception of one section, the Duplici- 
dentata, where there is a small second pair, as is mentioned below. The 
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incisors are chisel-shaped in wear, owing to the absence of enamel on the posterior 
surface. Having persistently open roots, they grow throughout life, and 
are always of great size. Canines are never present, and there is a wide 





Muscles of MosTicaTion 

Fig. 567. — Jaw muscles of the rat. (After E. Chase Green.) 


diastema between the incisors and the cheek-teefh into which the cheeks can 
be tucked so as to separate the front part of the mouth from the hind during 
the process of gnawing. This habit of gnaAving, universal in the group, has 
induced noticeable modifications not only of the teeth, but of the whole skull 
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and jaws. The glenoid cavities for the condyles of the lower jaws are elongated 
in a fore-and-aft direction, an adaptation which enables the jaws to be moved 
forwards, and thereby the upper and lower incisors to be brought into contact 
for the purpose of gnawing. In this position, owing to the size of the incisors, 
the cheek-teeth are thrown out of action and cannot operate. For chewing, 
therefore, the jaws can be moved backwards when the lower incisor fits in 
behind the upper, and the upper and lower cheek-teeth can be brought into 
contact. The grinding-teeth vary in number from two to six, and frequently 
have persistently open roots. In some cases the milk dentition is suppressed. 

To provide the necessary power for gnawing, the jaw-muscles become 
much enlarged (Figs 451, 567), and the increase in area for their insertion and 
origin has produced considerable modifications in the skull and jaws which differ 
in different groups, so as to afford a basis for classification. The premaxillae 
and maxillae are enlarged, not only to house the great curved incisors, but also 
for the insertion of the anterior mass of the masseter muscle, which in some 
forms passes through the enormously enlarged antorbital vacuity, which may 
be as big as the orbit (Fig. 568), or it may pass over the edge of the jugal 
arch in front of the orbit (Figs. 569, 570). The fossae for the pterygoid muscles 
may also become very large. The lower jaw may have the external border 
expanded into a flange for the insertion of the masseter. It is interesting to 
note a convergence in shape between Rodents and the " Rodent ” Marsupial 
Phascolontys, the Wombat, which has a single pair of persistently growing 
incisors and an enlargement of the masseter muscle inserted on to an everted 
flange of the lower jaw. In many Rodents the jugal extends back to the 
glenoid cavity, as in Marsupials. 

The dentition, in addition to the characteristic rodent incisor and absent 
canine, is peculiar in the grinding cheek-teeth. The number of these varies from 
a maximum of six — three premolars and three molars, as in the Rabbit — to 
as few as two molars only in each section of the jaws. An average number 
for many rodents is four teeth. There is also a wide range of difference in 
the pattern as well as in the size, from the short crowned brachydont and rooted 
type, as in the Squirrels (Fig. 571 B), which, especially in the earliest species, 
can be referred to the tritubercular type through various bilophodont patterns 
(Fig. 571 C) to the highly complicated multilophodont and hypsodont kinds 
with permanently open roots, as, for example, in the Capybara (Fig. 571 A). 

As to the rest of their anatomy, the Rodents are not highly speci^sed. 
They are, for the most part, unguiculate, pentadactyle, and plantigrade. A 
clavicle is usually present and, as in all herbivorous mammals, the csecum 
tends to be large. The brain is little convoluted, and the cerebellum is not 
covered by the cerebral lobes. 

The order is divided into two sub-orders of very unequal size : the Duplici- 
dentata and Simplicidentata. The Duplicidentata (or Lagomotpha) containing 
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Fig. 568. — Skull of Coslogenys paoa, showing enlarged antorfi'ital vacuity. 



Fio. 569. — Skull of ThryonomyB strinderamu. The antorbital vacuity is not 

enlarged. 



Fig. 570.— Skull of Pedetes caffir* yfith enlarged antorbital vacuity which does not 
transmit the masseter muscle. 
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the Hares, Rabbit, and Pikas, are separated from the rest in having a small 
pair of upper incisors in addition to the main pair placed just behind them 
(Fig. 449). The infraorbital foramina are always small, the incisive foramina 
large, and the tail is very short. The molar-teeth grow from persistent pulps, 
and three premolars are present. 

There are only two families : the Leporidse (Hares and Rabbits), and the 
Ochotonidae (Pikas), both known from the Oligocene onwards. 

The Simplicidentata, which have only a single pair of upper incisors, form 
the great bulk of Rodents and, as might be expected from their numbers and 
variety, their classification is somewhat complicated. There is a considerable 
range of adaptive radiation which has brought about a diversity of shape. 
Some, such as the Beavers, are amphibious, with flattened swimming-tails, 
some are burrowers to such an extent that they have acquired a mole-like 



Fio. 571. — ^Molar teeth of Rodents. A. Capybara (HydlOobCBIlu). B. Squirrel (Scinms). 

C. Ctenodactylns. (From Cambridge Natural History, after Tullberg.) 

appearance, as Spalax or Georhychus. The Squirrels are tree-living, and the 
Anomaluridae (the " Fl5dng ” Squirrels) have proceeded a step further by the 
possession of parachuting membranes closely resembling those of the “ flying ” 
Marsupials. The Dipodidae are hopping forms, somewhat like the Kangaroos 
in their method of progression. 

The sub-order is divided into three infra-orders, chiefly on the arrange- 
ment of the jaw-muscles — the Sciuromorpha, Myomorpha and Histricomorpha 
— and there are many superfamilies, families, and genera described. 

The Sciuromorpha are the more primitive Rodents, in that two upper and 
one lower premolars are still retained," and the antorbital foramen is not en- 
larged, and does not transmit any part of the masseter muscle, which either still 
arises from the jugal arch alone or, at most, has- a slip of its anterior superficial 
section attached to the side of the face in front of the orbit. The fibula often 
remains free, but may be fused with the tibia. There are five superfamilies : 
the Sdtunidea (Squirrels, Gophers, Chipmunks, etc.) ; the Aplodontoidea {Apia- 
dontia, the " Sewellel,” the Ischyrom5rid*, Eocene, and Oligocene Rodents) ; 
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the Castoroidea or Beavers ; the Geomyoidea (a purely North American group 
including the Pocket Gophers, etc.), and the Anomaluroidea (Anomalurus) 
the West African “ Flying Squirrel ”, and Pedetes, the Cape ” Jumping ” Hare 
(Fig. 570), which is of interest in that there is a large infra-orbital opening, which, 
however, does not transmit any part of the masseter muscle, so that the skull 
in this respect resembles that of the Myomorpha structurally, but not 
functionally). 

The Myomorpha (Rats, Mice, Jerboas, etc.) are characterised by the super- 
ficial portion of the masseter muscle passing forwards in front of the orbit, while 
the median portion runs, via the orbit, through the enlarged infra-orbital open- 
ing to be attached to a depression, often deep, on the side of the face. The 
tibia and fibula are always fused. 

The Histricomorpha (Porcupines, Guinea-pigs, Cavies, etc.) have the infra- 
orbital canal enlarged to the greatest extent of all, and the median portion of 
the masseter is enlarged at the expense of the anterior superficial portion, 
which does not extend on to the face, but retains its more primitive attachment 
to the jugal arch. The tibia and fibula remain separate. 

Skeleton of the Rodentia. — Among the Rodents the Jerboas are exceptional 
in having the cervical vertebrae ankylosed. Generally, as in the Rabbit, the 
transverse processes of the lumbar vertebrae are elongated. As in the Ungulata, 
the sacrum usuailly consists of one broad anterior vertebra followed by several 
narrower ones. The caudal region varies in length in the different families ; 
in some it is very short, but it is elongated in many (the Porcupines, Squirrels, 
and Beavers). The sternum of the Rodents has a long and narrow body; 
sometimes there is a broad presternum ; the posterior end is always expanded 
into a cartilaginous xiphisternum. 

The skull is elongated, narrow in front, broader and depressed behind. 
The nasal cavities are very large, especially in the Porcupines, with air sinuses 
in the upper part. In some the optic foramina fuse into one. An interparietal 
is often present. Parocdpital processes are developed. The orbit and the 
temporal fossa are always continuous. The nasal bones are large, and the nasal 
apertures are terminal or nearly so. The premaxillae are always very large. 
A remarkable feature of the skull is the presence in many of a large opening 
corresponding to the infra-orbital foramen. The middle part of the zygoma 
is formed by the jugal ; the latter often helps to bound the glenoid cavity, 
as in the Marsupials. The palate is short, and the anterior palatine foramina 
large. The periotic and tympanic may become ankylosed together, but not 
to the neighbouring bones. The coronoid process of the mandible is sometimes 
rudimentary or absent ; the angle is often produced into a process. 

The scapula of the Rodentia is generally long and narrow. The spine 
sometimes has a metacromion process and a long acromion. The coracoid 
process is small. The clavicle varies as regards its development. Vestiges 
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of the sternal end of the coracoid are sometimes distinguishable. There is 
considerable variation in the bones of the arm and fore-arm. The radius 
and ulna are in most instances distinct, though in close and firm apposition. 
The scaphoid and lunar are usually united ; the centrale is sometimes present, 
sometimes absent. The pelvis and femur vary greatly. Sometimes there is 
a third trochanter. The fibula is sometimes distinct, sometimes fused with the 
tibia. In the Jerboa the metatarsals of the three digits are fused together 
(see Fig. 603). 


Order Xenarthra. 

This order, part of the bid order Edentata after the removal as separate 
orders of the Tubulidentata and Pholidota, consists almost entirely of South 
American animals, a few late Tertiary forms alone having penetrated into 
North America. The living members of the order, together with a number 
of extinct relatives, form the sub-order Xenarthra, and a second sub-order, the 
Palseanodonta, contains more primitive and entirely extinct genera. 

The Xenarthra, in spite of considerable differences in shape and appearance. 



A 



Fig. 572. — Vertebra ot the Great Anteater {Myrmecophaga jubata). A. Side view of twelfth 
and thirteenth thoracic vertebra ; J3. posterior view of the second lumbar ; C. anterior view of 
the third lumbar.- ar. anterior zygapophysis ; or.*, *, * extra zygapophyses ; e, «. ^et for 
capitulnm of rib; nt. metapiqihysis ; pz. posterior zygapophysis; *, », additicmal posterior 
zygapophysis ; t. transverse process ; te. facet for tnberculam of rib. (From Cambrige 
Natural tiisUuy, after Flower.) 
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are united by certain specialised characters which show them to belong to 
a single natural group. Enamel is entirely absent from the teeth, except in 
an Eocene Armadillo, Utatetus, in which small enamel caps were just persisting. 
In all the others the teeth (see p. 659) are transformed to pillar-like and per- 
sistently growing stumps (the Armadillos), and may be reduced in number 
(the Sloths) or altogether absent (the Great Ant-eater). One of the most 
noticeable characters is that the posterior dorsal and lumbar vertebrae (Fig. 
572) have an extra pair of zygapophyses, a condition found elsewhere only 
in the Snakes. Among other speciadised characters aire the frequent reduction, 
or absence, of the zygomatic arch, the frequent fusion of the coracoid process 
to the front border of the scapula so as to enclose a large foramen (Fig. 573), 



Fig. 573. — Shoulder-girdle of 
Tbiee-toed Sloth (Brad^pus tri- 
dactylus), acr, acromion; cL 
clavicle ; cor, coracoid. 



Fig. 574. — Mylodon robnstus. (Restoration, after 
Owen.) 


and the articulation of several of the anterior caudal vertebrae to the ischium 
so as to produce an unusually long ischio-sacral region. The low t5q)e of brain, 
on the other hand, and the persistently abdominal testes are primitive. All 
Edentata have heavily clawed feet. 

By adaptive radiation, the Xenarthra have evolved into such very different 
kinds of animals that they have to be separated into two infra-orders, the 
Pilosa and Loricata, and each of these again into a number of superfamilies. 
The Pilosa are the superfamilies Megalonychoidea, an extinct group comprising 
the Megatheriidae {Megatherium), the Megalonychidae {Megahnyx), and Mylo- 
dontidae {Mylodon, (Fig. $y4),SceUdotherium) ; the Myrmecophagoidea (Myrme- 
cophagidse Myrmecophaga, the Great Ant-eater, and Tamandua the Lesser 
Ant-eater), and the Bradypodoidea (Bradypodidae, Bradypus, the Three-toed 
Sloth with nine cervical vertebrae and Choloepus, the Two-toed Sloth with six 
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cervicals. These two species, except for the Manatee among the Sirenia, are the 
only mammals that have not the typical number of seven cervical vertebrae). 

These forms, in addition to the ordinal characters, are united by being 
covered with hair, in contradistinction to the infra-order Loricata, which show 
a feature, unusual in Mammals, of a covering of bony plates on which lie 



Fig. 575. — Tatu Armadillo (Dasypus sexcinctus). (After Vogt and Specht.) 


homy scutes. In this group the teeth are more numerous and the jugal arch 
is more complete. There is a considerable fusion of the elements of the vertebral 
column for the same mechanical reason as in the Chelonia, and the 
condition is vaguely reminiscent of that group. The superfamilies are the 
Dasypodoidea (Dasipodidae, the Armadillos, Fig. 575, and the Peltephilidae) ; 



the extinct Gl5^todontoidea (Gl3^todpntid3B, e.g., Glyptodon, Fi g . 476 and 
its relatives Panocthus, etc.). ’ 

The Palaeanodonta {Pcdceanodon, Palaeocene to Lower Eocene, Meta- 
cheiromys. Middle Eocene, Epoicotherium, Oligocene) come from North America. 
Although aberrant and spedaiised in some directions, such as the 
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of an enamel-covered canine — a unique feature for an Edentate — the Palseano- 
donts may be regarded as representing an offshoot of the ancestral edentate 
line. The dentition is specialised in the reduction of the teeth in number and 
in their degenerate condition, but the vertebrae have not acquired the Xenarth- 
ran peculiarity of extra zygapophyses, and there is no ischio-caudal sjnnphysis. 

The Sloths (Bradypodidce, Fig. 577) are more completely adapted, in the 
structure of their limbs, to an arboreal life than any other group of the 



Fig. 577. — ^Unau, or Two*toed Sloth [Cholaepits didaciyltts). 
(After Vogt and Specht.) 


Mammal ia. They have a short, rounded head, the ears with small piimae, and 
long, slender limbs, the anterior much longer than the posterior, with the digits, 
which are never more than three in number, long, curved, and hook-like, 
adapted for enabling the animal to hang and climb, body downwards, among 
the branches of trees. In the Three-toed Sloth there are three toes in both 
manus and pes ; in the Two-toed Sloth there are only two in the manus, three in 
the pes. The tail is rudimentary. The body is covered with long, coarse 
hairs, which differ from those of other mammals in being longitudinally 
fluted. On these hairs grows abundantly an alga, the presence of which gives 
a greenish tinge to the fur. 

VOL. n. * ® 
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The ordinary Ant-eaters {Myrmecophagidai) liave a greatly elongated snout, 
with the mouth as a small apetture at its extremity, small eyes, and the auditory 
pinna sometimes small, sometimes well developed. There are five digits in 
the fore-foot, of which the third has always a very large curved and pointed 
claw, rendering the manus an efficient digging organ. The toes of the hind- 
foot, four or five in number, are sub-equal, and provided with moderate-sized 
claws. In walking, the weight of the body rests on the dorsal surfaces of the 
second, third, and fourth digits of the manus and on a thick callous pad on 
the extremity of the fifth, and in the pes, on the entire plantar surface. The 
tail is always very long, and is sometimes prehensile. The body is covered 
with long hair. In the Two-toed Ant-eater (Cycloturus) the muzzle is short ; 
there are four toes in the manus, of which the second and third only have 
claws, that of the third being the longer ; the pes has four sub-equal clawed 
toes, forming a hook not unhke the foot of the Sloths ; the tail is prehensile. 

In the Armadillos {DasypodidcB, Fig. 575) the head is comparatively short, 
broad, and depressed. The number of complete digits of the fore-foot varies 
from three to five ; these are provided with powerful claws, so as to form a 
very efficient digging organ. The hind-foot always has five digits with smaller 
claws. The tail is usually well developed. The most striking external feature 
of the Armadillos is the presence of an armour of bony dermal plates ; this 
usually consists of a scapular shield of closely-united plates covering the an- 
terior part of the body, followed by a series of transverse bands separated from 
one another by hairy skin, and a posterior pelvic shield. In the genus 
Tolypeutes these bands are movable, so that the animal is enabled to roll itself 
up into a ball. The tail is also usually enclosed in rings of bony plates, and 
a number protect the upper surface of the head. 

Skeleton of Xenarthra. — In the Armadillos more or fewer of the cervical 
vertebrae are enclosed together both by their bodies and by their neural arches. 
In the lumbar region the metapophyses are greatly prolonged — ^longer than the 
transverse processes — and support the bony carapace. A remarkable pecu- 
liarity of the spinal column in the Armadillos is the fusion of a number of the 
anterior caudal vertebrae with the true sacrals to form the long sacrum, con- 
taining as many as ten vertebrae altogether. The caudal region is of 
moderate length ; there are numerous chevron bones (Fig. 586). In Manis 
and Myrmecophaga the neck-vertebrae are not united. In the posterior- 
thoracic and the lumbar regions of Myrmecophaga there are developed complex 
accessory articulations between the vertebrae : the sacrum contains, in addition 
to the true sacral vertebrae, a number derived from the caudal region. 

In the Sloths none of the cervical vertebrae are ankylo.sed together ; but in 
the Three-toed Sloths (Fig. 577) there is an important divergence from ordinary 
Mammals in the number of vertebrae in the cervical region, there being nin^ or t«» 
instead of seven ; while in one species, the Two-toed Sloth {Cholaepus hoffmanni), 
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there are only six. The neural spines of all the vertebra: are very short. A 
number of the anterior caudal vertebrae are united firmly, though not quite 
fused, with one another and with the true sacrals. 

In the Armadillos the sternal ribs, which are sub-bifid at their sternal ends, 
are ossified, and articulate with the sternum by means of well-developed 


Fig. 578. — Skull of Annadillo (DasypM sexcinctus). Letters as in Figs. 579 — 580. 

In addition, peri, periotic. 


synovial articulations. In the American Ant-eaters there are similar synovial 
joints, and the sternal ends of the sternal ribs are completely bifid. In the 
Sloths the sternum is long and narrow, and there are no synovial joints. In 
front the sternal ribs are ossified and completely united with the vertebral 



Fig. 579. — Skull of Ant-eater (Myrmecopkaga), lateral view. al. sp. ali-sphenoid ; cond. 
condyle of mandible ; cor. coronoid process of mandible ; ex. oc. ex-occipital ; ext. aud. external 
auditory meatus ; fr. frontal ; jw. jugal ; Icr. lachrymal ; max. maxilla ; nas. nasal ; oee. cond. 
occipital condyle; pal. palatine; par. parietal; p.max. premaxilla; s. oc. supra-occipital ; 
sq. squamosal ; ty. tympanic. 


ribs, but behind they are separated from the latter by intermediate, ribs which 
are less perfectly ossified. 

In the Armadillos the skull (Fig. 578) is broad and flat, the facial region 
triangular. The tympanic (ty.) is in some developed into a bulla. The bony 
auditory meatus is in some cases elongated. The zygoma is complete. The 
pterygoids are small, and do nbt develop palatine plates. The mandible has a 
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well-developed ramus with a prominent coronoid process and a well-marked 
angular process. 

In the American Ant-eaters (Fig. 579 and 580) the skull is extremely long 
and narrow — the facial region being drawn out into a long, narrow rostrum, 
with the external nares at its extremity. The olfactory fossae are greatly 
developed. The rostrum is composed of mesethmoid, vomer, maxillae, and 
nasals — the premaxUlae being very small. The zygoma is incomplete, and the 
orbit is not closed behind by bone, the post-orbital processes of the frontal being 

entirely absent. The pterygoids {pter.), in all but 
Cycloturus, develop palatine plates. There is no 
bony auditory meatus. The mandible is entirely 
devoid of ascending ramus — consisting of two 
long and slender horizontal rami, with a very 
short s5nnphysis. 

In the Sloths (Fig. 581) the cranial region is 
elevated and rounded, the facial short ; the 
frontal region is elevated, owing to the develop- 
ment of extensive frontal air-sinuses. The 
premaxillae are small, and not firmly connected 
with the maxillae, so that they are commonly lost 
in the macerated skull. The jugal (ju.) develops 
a strong zygomatic process which bifurcates 
behind [^into two branches, neither of which is 
connected with the rudimentary zygomatic 
process of the squamosal, so that the zygomatic 
arch remains incomplete. There are, at most, 
the rudiments of post-orbital processes of the 
frontals. The pterygoids develop vertical laminae 
and form no palatine plates. The ascending 
ramus and coronoid process of the mandible are 
both well developed. 

In the American Ant-eaters and Armadillos the 
bones of the fore-limb are short and powerful. The scapula in the Ant-eaters 
is broad and rounded ; the anterior border unites with the coracoid process so ' 
as to convert the coraco-scapular notch into a foramen. In the middle of the 
spine there is a triangular process : a ridge on the post-spinous fossa presents 
the appearance of a second spine. The fibres of origin of the sub-scapularis 
muscles extend on to the outer surface as far forward as this ridge, so that the 
part of the outer surface behind the ridge corresponds to a part of the sub- 
scapular fossa, which in other Theria is co-extensive with the inner surface. 
Except in Cycloturus the clavicles are rudimentary. All the carpal bones are 
distinct. 



jb.nuMc 


of Ant- 


Fig. 58 o.-~.Skull 
eater (Mytmecophaga), ventral 
view. Letters as in Fig. 579. 
In addition, 6 . oc. basi-occipital ; 
glen, glenoid surface for man- 
dible ; pter, pterygoid. 
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In the Armadillos the scapula (Fig. 582) has an extremely prolonged 
acromion (acr.), sometimes articulating with the humerus. A ridge {sp'.) 



Fig. 581. — Skull of Three-toed Sloth {Bradypus tridactylus). Letters as in Fig. 579. 


representing a second spine is present. The clavicle is well developed. The 
humerus is short and powerful, with well-developed processes and ridges, and 
with a foramen above the inner condyle {entepicondylar foramen). The carpus 
consists of the ordinary eight bones. , 

In the Sloths (Fig. 583) the arm bones are com- ^ 

paratively long and slender. A coraco-scapular /f' ' ^ pr-sc 

foramen is formed as in the Ant-eaters. In the ( ;• , m;! ./|p^ 

Three-toed Sloths (Fig. 573) the acromion {acr.) is /■S’* 

at first connected with the coracoid process, but 
becomes reduced and loses the connection ; in the 
Two-toed Sloth the connection persists. The \k 

clavicle {cl.) is not directly connected internally > 1.1 | 

with the sternum; externally it is directly con- 
nected with the coracoid process — a condition 
observed in no other Mammal. The humerus is JM " 

very long and slender ; so are the radius and ulna, sSa.-Shonider-girdie 

which are capable of a certain amount of movement of Arma^o {Dasypus sex- 
in pronation and supination. In the carpus cSnd pre- 

(Fig. 584) the trapezoid and magnum are united in spin o us : P°®t- 

Bradypus, distinct in Cholcepus : in the former the rSge”probS»iy^^marSng toe 
trapezium is usually fused with the rudimentary first **** 

metacarpal. The first and fifth metacarpeils are 

represented only by rudiments. The proximal phalanges of the three digits 
are esirly ankylosed with the corresponding metacarpals, so that it might 
readily he supposed that one of the ordinary bones of each digit was absent. 


Fig. 582 . — Shoulder-girdle 
of Armadillo {Dasypus sex- 
cinctus), acY. acromion; coy. 
coracoid process; pr, sc. pre- 
spinous fossa ; pt, sc. post- 
spinous fossa ; sp. spine ; sp\ 
ridge probably marking the 
anterior limit of origin of the 
subscapularis muscle. 
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Fig. 583. — Skeleton of Threo-toed Sloth (Bradypus tridactylus). (After Blainville.) 



Fig. 584. — Right manus of Three- 
toed Sloth. cun. cuneiform ; lun, 
lunar; m. c. i, first metacarpal; 
m. c. 5, rudiment of fifth metacarpal ; 
pis, |>isiform; rad, radius; sc. 
scaphoid ; ird. m, trapezoid and 
magnum united; uln, ulna; unc. 
unciform. 


Fig. 585*— Pee of entree-toed 
Sloth, ast. astragalus ; caU. cal- 
caneum; cbd. cuboid; fh. fibula; 
mesoe. mesocuneiform ; meiai. i, 
vestige of first metatarsal ; tneUtf. 5, 
yes%e of fifth metatar^ ; nav. 
navicular; Hb. tibia; peg-like 
process at distal end of fibula. 
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The pelvis of the American Ant-eaters is elongated, with a short symphysis 
pubis. The ischia unite with the spinal column. There is no third trochanter. 
The tibia and fibula are nearly straight, and parallel with one another. In 
Cycloturm the pes is modified to form a climbing organ. 

In the Sloths the pelvis is short and wide ; the spines of the ischia unite with 
the anterior caudal vertebrae so that a sacro-sciatic foramen is formed as in 
Ant-eaters. The femur is long and slender ; it is devoid of third trochanter. 
The tibia and fibula are also long and slender. At its distal end (Fig. 585) 
the fibula develops a peg-like process (*) which fits into a depression in the outer 



Fig. 586. — Pelvis and sacrum of Armadillo 
(Dasypus sexcinctus). ac. acetabulum ; il. ilium ; 
isch. ischium ; obt. for, obturator foramen ; pect, 
tub, pectineal tubercle ; pub, pubis. 



P'lG. 587. — ^Pes of Arma- 
dillo (Dasypus sexcinctus), 
ast, astragalus ; cal, cal- 
caneum ; cbd. cuboid ; ect, 
ecto-cuneiform ; ent, ento- 
cuneiform ; mes, meso- 
cuneiform ; nav, navicular. 


face of the astragalus. The calcaneal process is extremely prolonged in 
Bradypus, in which there is a tendency to ankylosis between the tarsal bones, 
and the proximal phalanges ankylose with the metatarsals. 

In fhe Armadillos the pelvis (Fig. 586) is extremely long, and both ilia and 
ischia are firmly fused with the spinal column. The femur has a prominent 
third trochanter. The bones of the pes (Fig. 587) are normal. 

Order Pholidota. 

This order contains the living Pangolins or " Scaly Ant-eaters ” of tropicil 
Africa and Asia. The most noticeable character is the covering of imbricating 
homy scales over the head, body, and tail, between which grow a few scattered 
hairs. Teeth are entirely absent, as also is the jugal arch and clavide. The 
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skull is long and cylindrical, and there is no division between the orbits and 
temporal fossae. The tongue is very long. 

There is only one genus, Manis (Fig. 588), and about seven species have been 
described. The limbs are short and strong, with five digits, the hind-feet are 
plantigrade, the fore-feet provided with strong curved claws and, in walking, the 
weight rests on the upper and outer side of the fourth and fifth toes. 

What resemblance there is to the edentate Myrtnecophaga is probably due 
to convergent adaptation. Nothing sure is known of the past history of the 
Pholidota beyond a few remains in the European Tertiary, of which the earliest 
is a doubtful Oligocene species. While, therefore, a remote connection with 
the American Edentata is not absolutely ruled out, it is best, for the present, to 
keep the Pholidota as a separate order. 

In the Scaly Ant-eaters {Manis, Fig. 588) the head is produced into a 
short, pointed muzzle. The limbs are short and strong, with five digits in each 
foot. The upper surface of the head and body, the sides of the latter, and 



the entire surface of the tail are covered with an investment of rounded, homy, 
epidermal scales. The lower surface is covered with hair, and there are a few 
coarse hairs between the scales. In walking, the weight rests on the upper 
and outer side of the fourth and fifth toes of the manus and on the sole 
of the pes. 

Order Tubulidentata. 

Of the early history of the Aard Varks {Orycteropus, Fig. 589) of South 
Africa even less is known, although here again there are some signs of them in 
the European Tertiary. The body is thick-set, the head produced into a long 
muzzle. The fore-limbs are short and stout, with four toes, the palmar sur- 
faces of which are placed on the ground in walking. The hind-limb is five-toed. 
The body is covered with thick skin with scattered hairs. Orycteropus lives on 
Termite Ants, and has a long tongue' and small mouth. There are, however, 
from four to five peg-Uke teeth, which have a peculiar structure. There is no 
enamel, but a coating of cement and a body of vasodentine, which in the pulp- 
chamber is perforated by tubes, from which character the order takes its name. 

The relationship of the order is very problematical— -it has clearly nothing 
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to do with the Edentata or Pholidota. The structure of the rather primitive 
brain is stated to show some resemblance to Anoplotherium, an Eocene Artio- 
dactyl. Extinct examples are rare. Orycteropus gaudryi has been found in 
the Lower Pliocene, but it and a few fragments assigned to the order from the 
Oligocene and Miocene throw no light on the problem. 



Fig. 589. — ^Asid-TUk (Orycteropus capensis). (After Vogt and Specht.) 


GENERAL ORGANISATION OF MAMMALS. 

Integument and General External Features. — Nearly all Mammals are 
covered with hairs (Fig. 590) developed in hair-follicles. Each hair (Fig. 
591) is a slender rod, and is composed of two parts, a central part or pith (M) 
containing air, and an outer more solid part or cortex {R) in which air does not 
occur ; its outermost layer may form a definite cuticle ( 0 ) . Commonly the 
cortical part presents transverse ridges so as to appear scaly. In one case only, 
viz.. Sloths, is the hair fluted longitudinally. The presence of processes on the 
surface, by which the hairs when twisted together interlock firmly, gives a 
special quality to certain kinds of hair (wool) used for clothing— the 
quality as it is termed. A hair is usually cylindrical but there are many 
exceptions : in some it is compressed at the extremity, in others it is com- 
pressed throughout ; the latter condition is observable in the hair of negroid 
races of men. The.fur is usually composed entirely of one kind of hair ; but 
in some cases there are two kinds, the hairs of the one sort very numerous and 
forming the soft fur, and those of the other consisting of longer and coarser 
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hairs scattered over the surface. Examples of a hairy covering of this kind are 
seen in the case of Omithorhynchus and the Fur-Seals. 


A hair, like a feather, is formed 
from the epidermis. The first rudi- 
ment of a developing hair (Fig. 592) 
usually takes the form of a slight 
downwardly projecting outgrowth, 
the hair-germ {grm.), from the lower 
mucous layer of the epidermis, 
beneath which there is soon dis- 



dermis ; D, sebaceous glands ; P, fat in 
dermis ; G, vessels in dermis ; GP, vascular 
papillae; if. hair; N, nerves in dermis; 
NP. nervous papillae; Se, homy layer of 
epidermis ; SD, sweat-gland. duct 

of sweat-gland ; SM, Malpighian layer. 
(From Wiedersheim's Comparative Anatomy,) 



cemible a condensation of the dermal 
tissue to form the rudiment of a 
hair papilla (pp.). In some Mammals, 
however, the dermal papilla makes 
its appearance before the hair-germ. 
The hair-germ, which consists of a 
solid mass of epidermal cells, 
elongates, and soon its axial portion 
becomes condensed and comified 
to form the shaft of the hair, while 


Fig. 591. — ^Longitudinal section through 
a hair (diagrwmatic). Ap, band of mus- 
cular fibres inserted into llie hair-follicle, 
Co» dermis; P, external longitudinal, and 
F\ internal circular fibrous layer of follicle ; 
Ft, fatty tissue in Hie dermis ; GH, hyalin 
membrane between the root-sheath and the 
follicle ; HBD, sebaceous gland ; HP, hair- 
papilla with vessels in its interior; M, 
m^ul^ry substance (piHi} of the hair; O, 
cuticle; R, cortical layer; Sc, homy layer 
of epidermis; SM, Malpighian layer of 
epidermis ; PFS, WS', outer and inner layers 
of root-sheath. (From Wiedersheim^s Com- 
parative Anatomy,) 


the more peripheral cells go to form the lining of the hair-foUicle, becoming 
arranged in two layers, the inner and outer root-sheaths (sA. sh. 0). The 
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epidermal cells in immediate contact with the hair-papilla retain their pro- 
toplasmic character and form the hair-bulb {bib.), by the activity of which the 
further growth of the hair is effected. Soon the upper end of the hair-shaft 
grows out beyond the surface of the epidermis, and the projecting part eventually 
becomes much longer than that which lies embedded in the follicle. At the 
same time the follicle grows downwards into the dermis. During its growth the 
hair is nourished by the blood-vessels in the dermal hair-papilla, which projects 
into its base. 


Modifications of the hairs are A 


B 


often found in certain parts. Such 
modified hairs are the elongated 
hairs of the tails of some Mammals, 
e.g., most Ungulates ; the eye- 
lashes of the eye-lids, which are 
stronger than the ordinary hairs ; 
and sensitive hairs, or vibrissa, 
about the snout. In some 
Mammals the hairs in part assume 
the form of spines, viz., in 
Tachyglossus, the Hedgehogs, and 
the Porcupines. 

The coating of hairs is scanty 
in some Mammals, and is virtually 
absent in the Cetacea and Sirenia. 
In such cases the skin is greatly 
thickened, as in the Elephants, etc. ; 



or, as in the Cetacea, an under- 
l3dng layer of fat performs the 
fimction of the hair as a heat- 
preserving covering. 

In Manis (Fig. 588) the greater 
part of the surface is covered with 
large, rounded, over-lapping homy 


Fig. 592. — Four diagrams of stages in the 
development of a hair. A, earliest stage in one of 
those Mammals in which the dermal papilla appears 
first ; B, C, D, three stages in the development of 
the hair in the human embryo, bib. hair-bulb; 
crn. homy layer of the epidermis; foil, hair- 
follicle ; gym. hair-germ ; h. extremity of hair 
projecting on the surface in D ; muc. Malpighian 
layer of epidermis; pp. dermal papilla; seb. 
developing sebaceous glands; sk. J, sh. 2, inner 
and outer root-sheaths. (After Hertwig.) 


scales of epidermal origin, similar in 

their mode of development to those of reptiles. A similar phenomenon is 
seen in the integumeiit of the tail of Anomalurus — a Flying Rodent. The 
Armadillos (Fig. 578) are the only Mammals in which there occurs a bony 


dermal exoskdeton. 


Also epidermal in their origin are the horny structures in the form of nails, 
daws, or hoofs, with which the terminations of the digits are provided in all the 
Mfltnmalia except the Cetacea. And the same holds good of the homy portion of 
the horns of Ruminants. The horns of the Rhinoceros are also epidermal and 
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have the appearance of being formed by the agglutination of a number of hair- 
like homy fibres. 

Cutaneous glands are very general in the Mammalia, the most constant 
being the sebaceous glands (Figs, 590, D ; 591, HBD), which open into the 
hair-foUides, and the sweat-glands (Fig. 590, SD). In many Manunals, there 
are, in addition, in various parts of the body, aggregations of special glands 

secreting an odorous matter. - . j 

The mammary glands, by the secretion of which the young are nourished, are 



rl ... 

Fig. 593. — ^TaohyglosBUS aouloEta. A , lower surface of brooding female ; B, dissection showing a 
dorsal view of the marsupium and mammary glands ; f ■f, the two tufts of hair projecting from the 
mammary pouches from which the secretion flows ; h. m, brood-pouch or marsupium ; c/. cloaca ; 
g* in» groups of mammary glands. (From Wiedersheim's Compavative A natomyt after W . Haacke.) 

specially developed cutaneous glands. In the Prototheria they differ somewhat 
widely from those of the rest of the Mammalia in structure, and they also differ 
in the absence of teats. They consist of two groups of very large tubular 
follicles, the ducts of which open on the ventral surface. In Tachyglossus (Fig. 
593) the two areas on which the ducts open become depressed towards the breed- 
ing season to give rise to a pair of pouches — the mammary pouches. A large 
brood-pouch or marsupium is subsequently formed, and the egg is deposited in 
this. When the young animal is hatched it is sheltered in the posterior deeper 
part of this marsupium, while in the shallower anterior part lie the mammary 
pouches. In Omithorhynchus mammary pouches are indicated only by 
extremely shallow depressions, and no marsupium is developed. 
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In the higher Mammals, when the mammary glands are first developed 
(Fig. 594), a depression (mammary pouch) is formed, from the floor of which 
branchingcylindrical strands of epidermis grow inwards to give rise to the glands. 
At a later stage there is developed around the opening or openings of the mam- 
mary ducts a prominence, the teat (Fig. 594) , the wall of which may be formed of 
the mammary pouch area alone (Marsupials, Rodents, Primates), or, with greater 
or less reduction of the latter, mainly from the surrounding integument. In 
the latter case the teat may have a wide central canal. The number and 
situation of the teats vary in the different groups. 

Endoskeleton. — ^The spinal column of Mammals varies in the number of 
vertebrae which it contains, the differences being mainly due to differences in 



Fig. 594. Diagrams of the phylogenetic development of teats, a, primitive condition cor- 

responding to the condition in Tachyglossus ; 6, Wallaby (Halmaturus) before lactation ; c, Opossum 
(Dtdelphys) before lactation ; d. Opossum during lactation ; this diagram stands also for the Mouse 
and Ma.n; e, embryonal, and /, full-grown cow. J, iptegumentary wall ; 2, mammary area, the 
broken line represents the mammary pouch ; j, milk-ducts. (After Max Weber.) 

the length of the tail. The various regions are very definitely marked off. 
In the cervical region the first two vertebrae are modified to form the atlas and 
axis. Owing to the absence of distinct cervical ribs, the posterior cervical 
vertebrae are much more sharply marked off from the anterior thoracic than is 
the case in Reptiles and Birds. The vertebrae of the cervical region have 
double transverse process (or a transverse process perforated at the base by a 
foramen which transmits the vertebral artery) in all except the last with 
certain exceptions, such as many Masupials, some Rodents, Hyrax and the 
Hippopotami, where the seventh cervical vertebra is also perforated. The 
lower portion of the transverse process in certain cases (e.g., seventh and some- 
times some of the others in Man) arises from a separate ossification, and this is 
regarded as evidence that the lower part, even when not independently ossified, 
represents a cervical rib. Seven is the prevailing number of vertebrae in the 
cervical region ; there are only three exceptions to this — ^the Manatee, Hoff- 
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mann's Sloth, and the Three-toed Sloth {cf. p. 626). The number of thoracic 
and lumbar vertebrae is not so constant ; usually there are between nineteen 
and twenty-three. Hyrax has a larger number of thoraco-lumbar vertebrae 
than any other mammal— from twenty-nine to thirty-one. 

The thoracic vertebrae have ribs which are connected, either directly or by 
intermediate ribs, with the sternal ribs, and through them with the sternum. 
Each rib typically articulates with the spinal column by two articulations 
— one articular surface being borne on the head and the other on the tubercle. 
The tubercle articulates with the transverse process, and the head usually with 
an articular surface furnished partly by the vertebra with which the tubercle 
is connected, and partly by that next in front ; so that the head of the 
first thoracic rib partly articulates with the centrum of the last cervical 
vertebra. 

In all the Mammalia in which the hind-limbs exist, that is to say, in all with 
the exception of the Sirenia and the Cetacea, there is a sacrum consisting of 
closely united vertebrae, the number of which varies in the different orders. 
The caudal region varies greatly as regards the degree of its development. In 
the caudal region of many long-tailed mammals there is developed a series of 
chevron bones — V-shaped bones, which are situated opposite the inter-vertebral 
spaces. 

The centrum of each vertebra ossifies from three centres ^ — a middle one, 
an anterior, and a posterior. The middle centre forms the centrum proper ; 
the anterior and posterior form the epiphyses. The epiphyses are almost 
entirely absent in the Monotremes, and in the Dugong {Sirenia) have not been 
detected. Between successive centra is formed a series of discs of fibro- 
cartilage — the inter-vertebral discs — ^represented in lower Vertebrates only in 
Crocodiles and Birds. The anterior and posterior surfaces of the centra are 
nearly always flat. 

The sternum consists of a number of segments — the presternum in front, the 
mesosternum, or corpus sterni, composed of a number of segments or sternebrce 
in the middle, and the xiphisternum behind. The sternum is formed in the 
foetus in great part by the separating off of the ventral ends of the ribs. Some 
of the Cetacea and the Sirenia are exceptional in having a sternum composed of 
a single piece of bone. The sternal ribs, by which the vertebral ribs are con- 
nected with the sternum, are usually cartilaginous, but frequently undergo 
calcification in old animals, and in some cases early become completely con- 
verted into bone. 

The skull of a Mammal (Fig. 595) contains the same chief elements and 
presents the same general regions as that of the Sauropsida, but exhibits certain 
special modifications. A number of the bones present in the skuU of Sauropsida- 

^ Usually the two centres of ossification which form the neural arches also contribute to the 
formation of the bony centrum. 
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are not represented, or, at all events, not certainly known to be represented 
definitely by separate ossifications in the mammalia. Such are the supra-orbital, 
the pre-frontal, the post-orbital, the ecto-pterygoid and the quadrato-jugal. 
The bones of the skull, with the exception of the auditory ossicles, the lower 
jaw, and the hyoid, are all immovably united together by means of sutures. 

The palatine bones develop palatine plates separating off a posterior nasal 



Fig. SOS.— ITiagram of the relations of the principal bones of the Mammalian skull. A-S. 
ali-sphenoid : B-^. basi-hyal; B- 0 . basi-occipital ; B-S. basi-sphenoid ; ^Hy. cerato-h^, 
B-Bv. epi-hyal : E^-O. ex-owipital ; Pr. frontal ; /«. jugal ; La. lachrymM ; mandible , BOS. 
m^thmoid; ATir. maxUla; Na. nasal; 0.-S.orbito-sphenoid; Pa.pMie^; Pw.penotic, Pi. 
palatine: P. 4 I.- pre-sphenoid ; PMx. premaxilla ; i ’ f 

occipital' Sa. squamosal; T-Hy. tympano-hyal ; Th-Hy. thyro-hyal; Tnrb. 
tympiSc; Po. vomer. (Thick troe— replacing bones ; iteiics— investing bones.) The numbered 
cm:lL indicate the points of exit of the cranial ne^es ; 1, olfactory ; 2, optic ; 3, ocnlo-motOT , 
4. trochlear ; 5. 5', 5", the three divisions of the fifth nerve ; 6, abducent , 7, ! 

giglosso-pbaryngeal; 10, pneumogastric ; ii, spinal accessory; 12, hypoglossal. (After Flower.) 


passage from the cavity of the mouth, a condition found among the living 
Sauropsida only in the Crocodilia, and, to a less extent, in the Chelonia and some 
Liz3.rds. 

Tht zygomatic arch is a strong arch of bone formed partly of the squamosal, 
partly of the jugal, and partly of the maxilla : in position it represents the upper 
temporal arch of Amphibia and Sauropsida, but is differently constituted (see 
p. 376). The orUt in the skuU of some mammals is completely enclosed 
by bone, constituting a well-defined cavity ; in others it is not completely 
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surrounded by bone behind, and so communicates freely with the temporal 
fossa which lies behind it. 

The periotic bones (pro-otic, opisthotic, and epi-otic) are not separately 
represented in the skull of mammals. Part of the periotic mass sometimes 
projects on the exterior at the hinder part of the lateral region of the skull, and 
is the nuistoid portion ; the rest is commonly called the petrous portion of the 


Petrosal 



Fig. 596. — Diagrams of tympanic cavity of certain mammals. The tympanic bone is 
black ; the petrosal dotted, the squamosal horizontally shaded and the basi-occipital vertically 
shaded. 


periotic, and encloses the parts of the internal ear — the mastoid portion con- 
taining only air-cells. The tympanic bone, which represents the angiilar of 
Sauropsida, sometimes forms a long tube, sometimes only a mere ring of bone. 
In other cases it not only gives rise to a tube for the external auditory meatus, 
but also forms the buUa tympani, a dilated bony process containing a cavity. 

The tympanic cavity, in which lie the ear-bones, is hollowed out of the 
petrosal. In the primitive condition, as can be seen at the present time in some 
of the Marsupials, Insectivores, Edentates, etc., this chamber has no bony 
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covering, and the tympanic bone {ectotympanic) is an open ring lying loosely 
and supporting the ear-drum. When, as in most cases, a bony covering is 
formed, this structure is termed the bulla,"' It is not always formed in the 
same way in different groups. In those Marsupials in which a bulla is present 
it is always made from the ali-sphenoid, the tympanic forming the external 
auditory meatus. In the Primates it is formed chiefly by an outgrowth of the 
petrous bone, which may either grow round the tympanic ring so as to enclose it, 
as in the Tupaiidae and Lemuridae (Fig. 596), where it lies free in the cavity, 
or, as in the Lorisidae and Platyrrhine Monkeys, it joins on to the edge of the 
tympanic ring, which thus forms part of the bulla-wall and acts as the opening 
of the middle ear, while in the Tarsioid and Catarrhine Monkeys it is further 
produced outwards to form a bony tube — the external auditory meatus. In 
other Mammals the tympanic, as a rule, forms most of the bulla, but the 
entotympanic, squamosal, ali-sphenoid, and basi-sphenoid may also take some 
part either in the formation of the bulla or as supporting elements. 

The occipital region presents two condyles for the articulation of the atlas. 

The mandible consists in the adult of one bone, the equivalent of the dentary 
of Sauropsida, on each side — the two rami, as they are called, being in most 
mammals closely united at the symphysis. The mandible articulates with an 
articular surface formed for it by the squamosal bone, below the posterior root 
of the zygomatic arch. 

The hyoid consists of a body and two pairs of cornua — anterior and posterior ; 
of these the anterior pair are usually longer, and consist of several bones, the 
most important and most constant of which is the stylo-hyal, connected usually 
with the periotic region of the skull. The posterior cornua or thyro-hyals are 
usually much smaller. 

The ratio borne by the capacity of the cranial cavity to the extent of the 
facial region varies greatly in the different orders. The greater development of 
the cerebral hemispheres in the higher groups necessitates a greater develop- 
ment of the corresponding cerebral fossa of the cranium. This is brought about 
by the bulging upwards, forwards, and backwards of the cranial roof, resulting 
in a great modification in the primitive relations of certain of the great planes 
and axes of the skull (Fig. 597). Taking as a fixed base line the basi-cranial 
axis — an imaginary median line running through the basi-occipital, basi- 
sphenoid, and pre-sphenoid bones — ^we find that the great expansion of the 
cerebral fossa in the higher mammals leads to a marked alteration in the relations 
to this axis (i) of the occipital plane or plane of the foramen magnum ; (2) of the 
tentorial plane or plane of the tentorium cerebelli (a transverse fold of the dura 
mater between the cerebral hemispheres and the cerebellum) ; and (3) of the 
ethmoidal plane or plane of the cribriform plate of the ethmoid. In the lower 
Mammals {A) these are nearly at right angles to the basi-cranial axis. In the 
higher groups, by the bulging forwards and backwards of the cranial roof, 
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the occipital and tentorial planes incline backwards and the ethmoidal 
forwards, until all three may become approximately horizontal. At the 



same time there is produced a change in the relations of the basi-cranial 
aids to the bast-facial axis — a line passing along the axis of the face between 
the mesethmoid and the vomer. In the lower forms the angle at wluch the 
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basi-facial axis, when produced, meets the basi-cranial is an exceedingly open 
one; in the higher forms, owing to the downward incUnation oi the facial 
region, this angle decreases in size, though it is never reduced to less than a 
right angle. 

Th&fectoral arch of the mammalia has fewer distinct elements than that of the 
Sauropsida. The coracoid, which in the latter is a large bone, taking a share at 
its dorsal end in the bounding of the glenoid cavity, and at its ventral end 
articulating with the sternum, is never present, in the adult, as a distinct bone. 
In the young of many mammals it appears to be represented by a small ossifi- 
cation which enters into the glenoid facet ; but this very soon coalesces with the 
scapula. The coracoid process, which is a separate ossification in the young 
mammal, and, though in most instances completely fusing with the scapula and 
with the smaller coracoid element, is sometimes recognisable as a distinct 
element up to a late period (many Marsupials, Sloths), appears to correspond to 
the bone called epicoracoid in the Prototheria {vide p. 529) . In foetal Marsupials 
the coracoid is represented by a well-developed cartilaginous element which 
extends inwards and meets the rudiment of the sternum. 

In the scapula a spine is nearly always developed, and usually ends in a 
freely-projecting acromion-process. It is developed, unlike the main body of 
the scapula, without any antecedent formation of cartilage, and is perhaps to be 
compared with the cleithrum, an investing bone occurring in some Amphibia and 
Reptih’a (p. 338). A clavicle is well developed in many mammals, but is in- 
complete or absent in others ; its presence is characteristic of mammals in 
which the fore-limbs are capable of great freedom of movement. In the embryo 
of the mam mals there is, in the position of the clavicular bar, a bar of cartilage, 
which coalesces with its fellow in the middle line. The cartilaginous tract thus 
formed segments into five portions — a. median, which coalesces with the pre- 
stemum, two small inner lateral, which unite with the clavicles or are converted 
into the sterno-clavicular ligaments, and two long outer lateral, which give rise 
to the clavicles. The median and inner lateral portions appear to correspond to 
the epistemum of Reptiles and Prototheria. An additional small cartilage may 
represent the inner portion of the precoracoid of Amphibia. A piece of car- 
tilage at the outer end of the clavicle proper is sometimes distinguishable — the 
meso-scapular segment. The three elements of the pelvic ardi unite to form a 
single bone, the innominate. The ilia unite by broad surfaces with the sacrum ; 
the pubes, and sometimes the ischia, unite in a symphysis. All three may take 
a share in the formation of the acetabulum, but the pubis is usually shut out 
by a small cotyloid bone. In the shank the inner or tibial element is always the 
larger the JUmla may be rudimentary. A large sesamoid bone — the patella — 
is almost universally formed in close relation to the knee-joint. 

The most primitive type of extremity is the plantigrade, with five sub-equal 
digits, with a flexible carpus and tarsus, and with the bones “ interlocking ” 
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3. ento<» meso* and ectocuneifonns ; lu» lunar ; 

ma^um; nar, navicular; $c, scaphmd; 
id, trapezoid ; Im. trai>ezium* (After Matthew.) 


(e.g., Tritemnodon, Fig. 598, and 
many primitive Mammals). From a 
generalised pattern of this sort many 
modifications have been derived. As 
an increasing adaptation to speed, 
the cursorial patterns proceed through 
the subdigitigrade to the digitigrade, 
and finally to the unguligrade con- 
dition as the extreme adaptation 
along this line. It is accompanied 
by an increase in the length of the 
digits, either along the axis of the 
third toe — the mesaxonic pattern — 
or between the third and fourth 
toes — the paraxonic pattern. An 
early stage of a mesaxonic foot can 
be seen in the Condylarth TeiracltB- 
nodon, and its final stage in the Horse 
or the Litoptema (Fig. 599) where a 
functionally one-toed condition has 
been reached, although morphologic- 
ally three-toed, the second and fourth 
toes still being represented by splint 
bones. The paraxonic hand and foot, 
of which an early stage can be seen 
in the Creodont Mesonyx (Fig. 600), 
has the axis passing between' the 
third and fourth digits, which enlarge 
at an equal rate. The second and 
fifth toes, on the other hand, become 
equally reduced, and the first toe 
disappears. The final result can be 
seen in the more advanced Artio- 
dactyla — e.g., a Cow or Sheep — ^where 
there is a complete reduction to two 
toes and a fusion of the two 
metapodials ’ into the characteristic 
'‘cannon bone" (Fig. 601). The 
bones of the carpus and tarsus, while 
retaining the characters of the inter- 
locking type, are arranged to allow 
great flexion in the fore-and-aft 
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direction, but little in the lateral. In many Artiodactyles there is a fusion 
of some of the bones of the tarsus (Fig. 602). 



Fig. 599. — Fore and hind feet of Horses and Litoptenia showing convergence. A. Mety* 
three toed stages ; B. Dhtdiaphonu, three toed stages ; C. Pliohippns, single toed stages ; 
D. single toed stages. (Redrawn after Matthew.) 

In bulky animals such as the Elephants, Dinocerata, etc., the carpals and 
tarsals become serially arranged with a great loss of flexibility, and the digits, 
while not reduced in number as a rule, become short and stout. Special 
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habits, such as hopping — the Kangaroos, Macroscelides among Insectivores, 
Dipus and Alactaga are among the Rodents (Fig. 603) ; swimming — e.g., the 
Cetacea, Sirenia, Seals, etc. ; flying — e.g., the Bats and to 
some extent the parachuting kinds of Marsupials and 
Rodents ; digging, as in the Moles and several other 
forms, all produce modifications in the limbs, hands, and 
feet more or less profound. 

The generalised hand and foot has already been 
mentioned (see p. 80, Fig. 65). In the mammals the 
carpus contains three proximal bones (Figs. 601, 604, 605, 
606) : the scaphoid, lunar and cuneiform, to which is added 
on the outer side a sesamoid bone, the pisiform. The distal 
row consists of four bones : the trapezium, trapezoid, 
magnum, and unciform, the last named being a fusion of 
the fourth and fifth bones of this row. In primitive 
mammals another bone is present, the centrale, which lies 
between the bones of the first and second rows. In reptiles 
there can be as many as three centralia, but in mammals 
there is never more than this one, and this usually 
disappears either by fusion or loss. 

The tarsus is usually rather more modified from the 
generalised pattern than is the carpus (Figs. 602, 607, 608). 
There are only two proximal bones : the astragalus and 
calcaneum, which correspond to the scaphoid and cuneiform. 
The distal row is represented by the ecto-, meso-, and 
ento-cuneiforms, and the cuboid, which is formed by the 
fusion of the fourth and fifth cuneiforms and corresponds 
to the unciform of the hand. The centrale becomes a 
large and important bone, the navicular. 

The astragalus is also, in another sense, an important 
bone, because its shape differs in the various orders, but 
itself remains true to its particular type, subject only to 
differences in proportion, however much the rest of the 
foot may become modified. It can therefore be a very 
useful guide to the affinity of any form, especially in the 
case of some extinct Mammals. The £^tragalus consists 
of a proximal grooved surface the trochlea, which articulates 
proximally with the tibia and fibula, a neck and a head of 
var5dng shape which articulates with the navicular, and 
sometimes with the cuboid as well. In many early forms axi astragalar foramen 
is present near the upper border of the trochlea. TTus foramen usually diappears 
in later mammals, but still occurs sporadically, as, for example, in Oryt^ropus, 
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Fig. 600 . — 
Paraxonic carpus and 
tarsus of Mesonyx, 
ast. astragalus; 

a, ento-, meso- and 
ectocuneiforms; cal. 
calcaneum; cb. cu- 
boid ; cun. cuneiform; 
lu. lunar; mg. mag- 
num ; nav. navicular ; 

pisiform; sc. sca- 
phoid ; tf. trapezoid ; 
tm. trapezium; unc. 
unciform. 
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The main modifications of the astragalus are as follows. In the Condy- 
larth-Creodont-Camivore group the tibial trochlea is more or less grooved, 
obliquely pitched, with the inner (tibial) crest lower than the outer (fibular), 
or even absent ; the neck is distinct and the head convex (Fig. 609 A). In the 
Insectivora the trochlea is broad and shallow, but with well-defined crests of 
equal height, the neck is oblique and oval in section, the head convex (Fig. 
609 B). The Primate astragalus (Fig. 609 D) has a concavo-convex trochlear 
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Fig. 601. 
— Bones of 
manus of Bed 
Deer (Cervus 
elaphus). wi*. 
wt*. vestigial 
second and 
fifth meta- 
carpals ; R, ra- 
dius. (After 
Flower.) 



Fig. 602. — Dor- 
sal surface of right 
tarsus of Red Deer 
{Cervus elaphus) , a. 
astragalus ; c. cal- 
caneum ; ch. cuboid ; 
c®, conjoined ecto- 
and meso-cunei- 
form; mill, mlV, 
third and fourth 
metatarsals ; n, na- 
vicular. (After 

Flower.) 
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Fig. 603. 
— Hind foot 

of Dipiis. 



Fig. 604. — 
Bones of the manus 
of Tapir {Tapirus 
indicus ) . c, cunei- 
form ; /. lunar ; m. 
magnum ; p. pisi- 
form ; R, radius ; 
s. scaphoid ; td, 
trapezoid ; tm. tra- 
pezium ; U, ulna ; 
u. unciform. (After 
Flower.) 


surface, broader at the neck end than above, a somewhat oblique neck and a 
convex head. In the Rodents the general appearance is like that of the Insecti- 
vores, except that the trochlea extends backwards to the posterior margin of the 
bone (Fig. 609 E). In the Perissodactyla (Fig. 609 H, I) the trochlea is deeply 
grooved and oblique, the neck short, and the head flattened. In the earlier forms 
there is a very small astragalo-cuboid facet which, in more advanced forms, 
especially in the rhinoceroses and titanotheres, becomes larger, though never to 
the extent tl^at it does in the highly characteristic artiodactyle astragalus, where 
the trochlea is deeply grooved in a straight line with the head and neck, and 
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with well-marked facets for both the cuboid and navicular (Fig. 609 F, G). In 
this type also the sustentacular facet on the medial aspect, which articulates 
with the calcaneum, is a single large and flat surface instead of being divided, 
as in other astragali. 

Other bones of the carpus and tarsus have their distinguishing charac- 
teristics, if rather less obvious than those of the astragalus, as, for example, 



Fig. 605. — 
Bones of the 
manns of Hone 
{Equus cabcUlus). 
c. cuneiform ; 1. 
lunar ; n». mag- 
num ; p. pisi- 
form; i?. radius; 
5. scaphoid ; id. 
trapezoid ; u. 
unciform; JI, 
IV, vestigial 
second and 
fourth meta- 
caxpals. (After 
Flower.) 
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Fig. 606. — 
Bones of manus 
of Pig ( 5 «s 
scrcfa). c. cunei- 
form ; 1. lunar ; 
m. magnum ; R, 
radius ; s. sca- 
phoid ; id. tra- 
pezoid ; V. ulna ; 
u, unciform. 
(After Flower.) 
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Fig. 607. — Dorsal sur- 
face of right tarsus of 
Hone (Equus caballus), a. 
astragalus ; c. calcaneum ; 
cb. cuboid ; ^c. united 
meso- and ento-cunei- 
form; c*, bcto-cuneiform ; 
n. navicular; mil, IV , 
vestigial second and 
fourth metatarsals; III, 
third metatarsal. (After 
Flower.) 



Fig. 608. — ^Dor- 
sal surface of right 
tarsus of K« ( Sus 
scrofa), a, astra- 
galus ; c, calcan- 
eum ; cb, cuboid ; 
c*. ecto-cuneiform ; 
c*. meso-cuneiform ; 
mil — V, meta- 

tarsals ; n. navicu- 
lar, (After Flower.) 


the axtiodactyle cuboid, which shows a constant difference from the cuboid of 
all other Mammals in having a facet on its outer border for the calcaneum. 

The external form of the limbs and the mode of articulation of the bones 
vary in the different orders of the Mammalia, in accordance with the mode of 
locomotion. In most the habitual attitude is that which is termed the quad- 
ritpedal — ^the body being supported in' a horizontal position by all four limbs. 
In quadrupedal mammals the manus and pes sometimes rest on the ventral 
surfaces of the entire metacarpal and metatarsal regions as we^ as on the 
phailanges — ^when the limbs are said to be plantigrade ) or on the vaitral 
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surfaces of the phalanges only {digitigrade ) ; or on the hoofs developed on the 
terminal phalanges {unguligrade ) . Many of the quadrupeds have the extremities 
prehensile, the hand and foot being converted into grasping organs. This is 
most marked in quadrupeds that pass the greater part of their life among the 
branches of trees, and in the Sloths the modification goes so far that both hands 
and feet are converted into mere hooks by means of which the animal is enabled 
to suspend itself body downwards from the branches of trees. 

Certain mammals, again, have their limbs modified for locomotion through 
the air. The only trvXy flying Mammals are the Bats and the so-called ** Flying 
Foxes,' in which the digits of the fore-limb are greatly extended so as to support 
a wide delicate fold of skin constituting the wing. In other so-called flying 



Fig. 609. — Astragali of certain mammals. A . a condylarth ; i?. an insectivore ; C. a carni- 
vore ; Z>. a primate ; E. a rodent ; F. an average artiodactyle ; G. Hippopotamus ; H. Rhino- 
oeios ; /. Equos ; /. Hyrax ; N. navicular; C. cuboid facets. The trochlea is shaded. 


Mammals, such as the F'lying Squirrels, and Flying Phalangers, there is no active 
flight, and the limbs undergo no special modification ; the flying organ, if it may 
be so termed, in these cases being merely a parachute or patagium in the form 
of lateral flaps of skin extending along the sides of the body between the fore- 
and hind-limbs. 

Further, there are certain groups of swimming mammals. Most mammals, 
without any special modification of the limbs, are able to swim, and some of the 
quadrupeds, such as the Tapirs and Hippopotami, spend a great part of their 
life in the water. But there are certain mammals in which the limbs are so 
specially modified to fit them for an* aquatic existence — assuming the form of 
flippers or swimming paddles — that locomotion on land becomes almost, if 
not quite, impossible. Such are the Whales and Porpoises, the Dugongs and 
Manatees, and, in a less degree, the Seals and Walruses. 
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Digestive Organs. — Teeth are present in nearly all Mammals, but in some 
they are wanting in the adult condition (Whalebone Whales and Omitho- 



rh3mchus). In Tachyglossus teeth are 
not present even in the young. In some 
of the Ant-eaters teeth are developed in 
the foetus and are thrown off in utero — 
the adult animal being devoid of them. 

Teeth, as already explained in the 
general account of the Craniata, are 
developed partly from the epidermis and 
partly from the underl5dng dermis. In 
the Mammals each tooth is lodged in a 
socket or alveolus in the jaw. The part 
of the tooth developed from the 
epidermis is the enamel ; the remainder 
of the tooth — dentine, cement and 
pulp — being formed from the subjacent 
mesodermal tissue. 

Along the oral surface of the jaw is 
formed a ridge like ingrowth of the ecto- 
derm — the dental lamina (Fig. 611, lam.). 
The position of this is indicated ex- 
ternally by a groove — the dental groove 
(gr.), and from it a bud is given off in 
the position to be occupied by each of 
the teeth. This becomes constricted off 


Fig. 610. — ^Diagrammatic sections of 
various forms of teeth. I, incisor or tusk 
of Elephant with pulp-cavity persistently 
open at base; //, human incisor during 
development, with root imperfectly formed, 
and pulp-cavity widely open at base ; III, 
completely formed human incisor, with 
pulp-cavity opening by a contracted aper- 
ture at base of root ; I V, human molar with 
broad crown and two roots; V, molar of 
the Ox, with the enamel covering the crown 
deeply folded, and the depressions filled 
up with cement; the surface is worn by 
use, otherwise the enamel coating would be 
continuous at the top of the ridges. In 
all the figures the enamel is black, &e pulp 
white, the dentine represented byiorirontal 
lines, and the cement by dots. (After 
Flower and Lydekker.) 


as a conical cap of cells — the enameU 
organ — ^which remains in continuity with 
the dental ridge only by a narrow 
isthmus. This cap-like form is brought 
about by the development of a papilla 
of condensed dermal tissue — the dental 
papilla {pap), which pushes upwards 
against the enamel-organ. On the 
surface of this papilla, in contact with 
the enamel-organ, the cells [odontoblasts) 
become arranged into a layer having the 
appearance of an epithelium — ^the dentine- 
forming layer. The cells of the enamel- 


organ form two layers, of which that in contact with the dental papilla assumes 


the character of a layer of long cylindrical cells — ^the enamd-mewbrane {en. 
m) ; the more superficial layer consists of cubical cells. Between the two 
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the remaining cells of the enamel-organ become modified to form a kind of 
connective tissue — the enamel-pulp (en. plp). 

The connective tissue immediately surrounding the entire rudiment of the 


l.plp 
* alv 


Fig. 61 1. — ^Two stages in the development of the teeth of a Mammal (diagrammatic sections). 
alv. bone of alveolus ; dent. s. dental sac ; en. m. enamel-membrane ; en. pip. enamel-pulp ; 
gr. dental groove ; lam. dental lamina ; lam', part of dental lamina which grows downwards 
below the tooth-germ ; pap. dental papilla. (After O. Hertwig.) 




dertt^s- 


'Cn.Tft^ 




tooth becomes vascular and forms a distinct investment — the dental sac {dent, 
s.) ; from this blood-vessels extend into the papilla. 

Ossification begins by the formation of a cap of dentine (Fig. 612 dent.), 
produced by the dentine-forming cells, . ^ 

and of a layer of enamel {en.) on the 
surface of this, produced by the cells 

of the enamel membrane. To these cn m ■ ' , f a jn 

additional layers are added until the ^ ^ 

crown of the tooth becomes fully de- 

veloped. The substance of the dental V 

papilla gives rise to the pulp. As the 

tooth elongates, it projects on the ‘=*'*A*— 

surface and eventually breaks through 

the mucous membrane of the gum, the 6i2!^Dia'ira!nmatirsllon showing 

remains of the enamel-organ becoming the development of the milk- and permanent 

,*0 u.r teeth of Mammals* alv. bone of alveolus; 

thrown on. 1 he cement is tormed by dent, dentine ; dent. s. dental sac ; en. layer 

the ossification of the connective-tissue of enamel ; en. m. enamel-membrane of 

milk-tooth ; en. w®. enamel-membrane of 
of the dental sac. permanent tooth ; en. pip. enamel-pulp of 

Tn f ppf h nf mriQt mammak milk-tooth ; gr. dental groove ; lam. dental 

in tne teetn OI most mammaiS n. neck connecting milk-tooth 

distinct roots are formed, each with a with lamina; pap. dental papilla of milk- 

minute op«m.g lauding into tea pulp- K / 
cavity (Fig. 6io, III — V) ; but in 

some there are no roots, the pulp-cavity being widely open below (/), and the 
tooth constantly growing from the base as it becomes worn away at the 
crown ; such teeth are said to have persistent pulps. 

Usually Mammals have two distinct sets of teeth developed, the milk and 


Fig. 6i2. — ^Diagrammatic section showing 
the development of the milk- and permanent 
teeth of Mammals* alv. bone of alveolus; 
dent, dentine ; dent. s. dental sac ; en. layer 
of enamel ; en. m. enamel-membrane of 
milk-tooth; en. w®. enamel-membrane of 
permanent tooth; en. pip. enamel-pulp of 
milk-tooth ; gr. dental groove ; lam. dental 
lamina ; n. neck connecting milk-tooth 
with lamina; pap. dental papilla of milk- 
tooth; pap^. dental papilla of permanent 
tooth. (After O. Hertwig.) 
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permanent dentitions, but sometimes there is only one, and accordingly we 
distinguish diphydont and monophyodont dentitions : in nearly all of the latter, 
however, another set is developed, though the teeth early become absorbed or 




Fig. 613. — MUk- and permanent dentition of upper ( 1 ) and lower (II) jaws of the Dog (Cants 
familiaris), with the symbols by which the different teeth are commonly designated. (After 
Flower and Lydekker.) 

remain in the condition of functionless vestiges ; and in a considerable number 
of groups it has beenjound that more than two sets of teeth are formed, only 
one, or at most (in diphyodont forms) two, of these sets become fully 
developed. The milk-teeth in mammals with t3rpical diphyodont dentition 



Fig. 6x4. — ^Upper and lower teeth of one side of the mouth of a DQ^^hin {Lagenorkynclms) 
illustrating the homodont type of dentition in a Mammal. (After Flower and Lydekker.) 


sometimes disappear at an early stage, and sometimes do not become replaced 
by the permanent teeth till long after birth. Some mammals have the teeth 
almost indefinite in number, e.g., the Dolphins and Porpoises, in which they 
are all uniform {homodont) and not divided into sets (Fig. 614), In the typical 
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dentition there are forty-four teeth, viz., three incisors on each side, one canine, 
and seven premolars and molars above and below. The incisors (Fig. 612, i.) 
of the upper jaw are to be distinguished as being the teeth that are lodged 
in the premaxillae ; the incisors of the lower jaw are the teeth that are placed 
opposite to these. The upper canine (c.) is the most anterior tooth of the 
maxilla, situated on or immediately behind the premaxillo-maixillary suture, 
and has usuailly a characteristic shape. The lower canine is the tooth which 
bites in front of the upper canine. The premolars (p.) are distinguished from 
the molars by having milk predecessors (d.m.), but the first premolar is, except 
in the Marsupials, nearly always a persistent milk-tooth ; the molars (m.) have 
no teeth preceding them, and are sometimes looked upon as persistent teeth 
of the first set. The various sets of teeth are also usually distinguishable by 
their shape. As a rule the incisors have cutting edges ; the canines are pointed 
and conical ; the premolars and molars have broad surfaces with ridges and 
tubercles for crushing the food, and may have from two to four roots. 

The crown-surface of the molar teeth 
of mammals shows a wide range of 
pattern which, used with caution and 
with the possibility of convergence duly 
borne in mind, is of great use in classi- 
fication. With very few exceptions 
these patterns can be expressed as 
modifications of a relatively simple 
type, and this type itself can be ex- 
plained as a modification from a simple 
ancestral reptilian cone. This basal t}^ of mammahan molar pattern is termed 
the tritubercular, with respect to the upper molar and trituberculo-sectorial with 
respect to the lower. The theory of its origin, due originally to Cope, and 
subsequently added to and amended by Osborn, is known universally as the 
Cope-Osborn theory of triiuberculy. The theory in its present-day form will be 
more easily understood if a brief and condensed history of its origin is first given. 

Cope noticed that the molar teeth of the' earliest mammals commonly 
possessed a triangular crown with three main cusps or tubercles, and that 
later forms tended to have molars with from four to six tubercles, and these 
he regarded as drived from the earlier triangular type. Osborn greatly de- 
veloped this hypothesis and, on the assumption that the principal cusps are 
homologous throughout the mammalia, gave them names that have been in 
universal use ever since. Osborn’s view as to the method of origin of the 
individual cusps, which has since been modified in some important respects, 
was as follows (Fig. 616). Starting with a simple reptilian cone, this was 
assumed to have elongated in an antero-posterior direction and two subsidiary 
cones to have arisen one on the front and one on the hind border, thus 
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producing a triconodont tooth. These two cusps were then supposed to have 
rotated in opposite directions in the upper and lower jaws to form triangular 
or tritubercular teeth. The apex of the triangle, or trigon, points inwards in 
the upper tooth and outwards in the lower. The cusp at the apex of the 
triangle, being supposed to represent the original reptilian cone, was named 
the protocone in the upper and protoconid in the lower tooth.^ 

COPE -OSBORN A GREGORY 



Metacone 

POSTERIOR Metaconule 
Hypocone 

Entoconid 

Hypoconulid 

Entoconulid 



Paracone 

Protoconule ANTERIOR 
Protocone 

Protoconid 

raconid 
Metaconid 


BUCCAL 

Fig. 6i6. — Diagram comparing the original Cope-Osbom theory of the tritubercular origin 
of molar teeth with its modincation by Gregory. At the top the two black circles represent an 
upper and lower reptilian cone as the starting point. The black circle in the other teeth 
represent the protocone of the upper and protoconid of the lower toothy respectively. 


1 The suffix -id designates a cusp on the lower molar. Of the other two cusps, the antero- 
extemal was named the paracone and the post^o-extemal the metacone, A fourth cusp arising 
later on the cingulum on the postero-intemal side, termed the hypocom, produce a quaari<tuber> 
cular tooth, and by the evolution of two smaUer intermediate cusps, an anterior, the protoconule^ 
and a posterior, the metacomde, the six cusjped tooth, which underlies the molar pattern of so 
many mammals, comes into being. Like the upper, the lower molar c,onsists of a triangle, or 
trigomd, and in addition a posterior shelf, the talonid, on which a number of cui^s arise to produce 
the tritttberculo-sectorial pattern, termed the entoconid, J^oeonuUd, and hypoconid* 



PHYLUM CHORDATA 


655 


At a very early stage criticism was directed against the view that the proto- 
cone of the mammalian tritubercular tooth represents the original reptilian 
cone largely because in ontogeny it is not the first cusp to be formed, nor is 
there any known evidence to support the hypothesis of the rotation of the sub- 
sidiary cusps to form the triangles. Within the premolar series, and still more 
in the milk-molar series, there is usually a transition from behind forwards 
from a tooth that resembles a molar in many respects to one that is more 
like a canine or an incisor. If the single cusp of the canine is traced back- 
wards through the successive teeth, it is seen to correspond to the paracone 
of the molar, and not to the protocone.^ The protocone of the molar is repre- 
sented on the more anterior teeth as an inner shelf at the base, or is even 
completely absent, and it was therefore thought probable that this cusp is 
secondary in origin to the paracone, a statement which is consistent with the 
embryological evidence. Further evidence for the same theory is found in the 
fact that in some groups the premolars evolve from simple peg-like teeth to a 
molariform condition,® and in this evolution the original cusp becomes the 
paracone of the molar rather than the protocone. 

Subsequent discovery of other early mammalian dentitions has given rise 
to a more probable explanation of how the molar pattern arose, which makes 
use of Osborn’s original cusp terminology with certain modifications in the 
interpretation of their origin, of which the most important is that the term 
protocone is understood to represent not the original reptilian cone, but a 
secondary cusp, which arises on the internal border of the upper molar. The 
Protoconid, on the other hand, does represent the original main cusp. The 
original reptilian cusps therefore, both in the upper and lower jaws, lie 
on the outer border, and the hypothesis of reversal of the triangles is no 
longer required. 

To return to the probable evolution of the triangle of main cusps. 
Although the vast majority of Csenozoic mammalian teeth are derivatives of 
the tritubercular type, certain primitive mammals have teeth of a somewhat 
different pattern. Some of them have zalamhdodont teeth, in which the 
metacone is not distinct from the paracone and the protocone is very small 
(Fig. 617). Others have dilambdodont teeth, in which the paracone and meta- 
cone are V-shaped, well separated, and placed near the middle of the tooth. 
Both these t5q)es can be traced very far back in time, and they have probably 
not been derived from the tritubercular t3q)e, although they must have had a 
common origin with it. Some idea of what the common ancestor was like is 
given by the Insectivore Ddtatheridium pretrituberculare (Fig. 617), from the 
Cretaceous of Mongolia. Here the upper molar is a narrow triangle, on which 
there is a small cusp in the position of the protocone and two closely applied 

* This is the essence erf the * ** prexnol^ analogy ** theory. 

* This process is called tiie mmwisation of the premolars. 
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CRETACEOUS 

PANTOTHERE 



Zalambdales^es Delhoiberidium Bidelphodon 


CENOZOIC 

DILAMBDODONT TRITUBBRCULAR ZALAMBDOD014T 



Tupaia Mioclaeiius Po^amogalc 


Fig. 617. — Diagrams of the right upper and lower molar tooth of various primitive mammals. 
In the Cretaceous and Cenosoic examples the protocone and protoconid are coloured black. 
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cusps in the centre, the paracone and metacone.^ From the evidence of 
Deltatheridium it has been suggested that a single cusp in the tooth of ancestral 
Mammals became divided into two to give rise to the paracone and metacone of 
later forms. This original undivided outer cusp is called the amphicone. 

Still earlier in time, the molar of a mesozoic Pantothere (Fig. 617) is a 
transversely elongated tooth with a main inner and outer cusp, together with 
some smaller cuspules. It has been supposed that the inner main cusp in the 
protocone and -the outer main cusp the amphicone. This view, however, is 
open to criticism, because the inner cusp is the highest on the tooth and seems 
to correspond to the main cusp of the premolars and the canine, as does the 
paracone, rather than the protocone, in other Mammals. The various mesozoic 
Mammals show a great variety of molar pattern, the relation of which to modem 
t3^s is still a matter of discussion.® 

It is certain that, in whatever manner the tritubercular tooth may have 
arisen, the subsequent sexi-tubercular tooth has been derived from it. This is 
borne out by an enormous amount of direct fossil evidence, and it is possible 
to show that such diverse tooth-pattems as that of an Artiodactyl, a 
Peiissodactyl, or a Carnivore can be derived from the tritubercular type. 

Further terms are in use to designate different parts of a tooth. If the cusps 
remain separate and rounded, the tooth is termed bunoid, if they join to form 
ridges, these ridges are termed lophs, and the tooth is lophodont. A tooth with 
crescentic cusps is selenodont. Any tooth may have a combination of these 
characters, in which case it is called buno-lophodont, buno-selenodont, etc. 
Additional pillars such as can be seen in the molar of a Horse, or on the outer 
border or ectoloph of many teeth, are called styles — e.g., the proto-, meso- and 
meta-style, etc, A tooth with a low crown is termed brachydont, and with a high 
crown and deep socket termed hypsodont. 

As has already been stated, the crown pattern of the teeth of Mammals is 
largely used as a guide to their affinities. Generally speaking, it is a fairly 
dependable one, and starting from the more primitive and generalised forms 
of dentition, such as is shown by the early Insectivores, Creodonts, and Condyl- 
arths, the major groups of Mammals usually have trends of evolution on their 
own recognisable lines. Thus, for example, the Carnivora, the Artiodactyla, 
the Peiissodactyla have all ultimately acquired dental patterns which are 
sufficiently distinctive. Other groups, such as the Proboscidea, Cetacea, and 
Xenarthra, have patterns that are both distinctive and diagnostic. At the 
same time exceptions occur, due presumably to some unusual and specialised 

^ There are, further, some small cusps ou the external cingulum, cusps such as these frequently 
exist in early a'ma.ll Mammals with zalambdodont or dilambdodont molars. Whether such cusps 
are always homologous is open to doubt. It must be understood that the original tritubercular 
tooth may have had smsdl cusps additional to the principal named ones. 

* For a discussion of tMs question, and a full account of the history of the tritubercular theory, 
see W, K. Gregory (no. 96) and for details of the mesozoic forms, G. G. Simpson (no. 111), P. M. 
Butler (no. 89) in the appendix on literature. 
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kind of food, such as in Protdes, an insect- and wonn-eating Hyaena, or 
Potos, a fruit-eating Procyonid, both of which animals have their dentition 
modified away from the usual carnivore type. These two are examples of 
a dentition that has degenerated, but there are many instances of tooth 
resemblance, more or less close, among unrelated animals due to convergence, 
the result of similar feeding habits. Thus a permanently growing gnawing 
incisor is- not , absolutely diagnostic of a Rodent, but can be found in more 
than one Primate, as, for instance, Chiromys (^Daubentonia) (Fig. 511), in 
TUlotherium and even in an Artiodactyle such as Myotragus. A bilophodont 
form of molar tooth occurs in many diverse orders of mammals. The 
lophodont molar of the Hyracoids shows a curious resemblance to that of 
the Rhinoceros, to quote but a few examples. The difficulty of being certain 
as to the true affinity of some m^lmmals on the evidence of the teeth alone 
increases when the earlier and more primitive forms are considered, and to 
decide whether a Paheocene or an Eocene tooth is to be ascribed to an Insectivore, 
a Primate, a Condylarth, or a Creodont is difficult, and sometimes in the present 
state of our knowledge is impossible. Precaution therefore must be taken 
against regarding as evidence of affinity a similarity of pattern, which may be 
the res\ilt of convergence due to a similarity of habit. 

A comparison of the wide adaptive radiation of the teeth of the Marsupials 
into insectivorous, carnivorous, rodent, and herbivorous types of dentition 
with those of Placental Mammals of corresponding habits is instructive. 

The number of the various sets of teeth in the jaws is conveniently 
expressed by a dental formula, in which the kind of tooth (incisor, canine, 
pre-molar, molar) is indicated by the initial letter (*., c., p., m.), and the whole 
formula has the arrangement of four vulgar fractions, in each of which the 
numerator indicates the teeth of the upper, the denominator those of the lower 
jaw. Thus: 


3 - 3 ’ 


c. 


1:1 i, 4:4 

i-i’ P- 4-4' 


3'3 

»i. ^ = 44 : 
3-3 ^ 


or, in a simpler form, since the teeth of the right and left sides are always 
the same. 





Tachyglossus has no teeth at any stage. In Omithorhynchus teeth are 
present in the young and are functional for a time, but they are thrown off 
when the animal is about a year old ; vestiges of an earlier dentition have been 
detected. The function of teeth is performed in the adult by broad homy 
plates, one on each upper and one on each lower jaw (Figs. 474, 475). 

The Maimipials' have the milk-dentition in a degenerate condition. Germs 
of milk-teeth are developed, but with the exception of one — ^the last pre- 
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molar — ^these remain in an imperfect state of development, though they persist, 
as functionless vestiges, to a comparatively late stage. 

In the adult dentition of the Marsupials the number of incisors in the upper 
and lower jaws is always dissimilar, except 
in Phascolomys. With regard to the arrange- 

ment of these teeth, the order falls into A ^ 

two series, termed respectively the diprotodont L i % 

and the polyprotodont. In the former (Figs, 1 

6i8, 619) the two anterior incisors are large R'y 

and prominent, the rest of the incisors and \ /’w 

the canines being smaller or absent. On 

the other hand, in the pol3^rotodont forms j 

(Figs. 630, 6ai), which are all more or less f PwK ran NHl 1 V 
carnivorous, the incisors are numerous and V 

sub-equal and the canines large. There are V M i| ' j ' /|( i' 

typically three premolars and four molars. «. j/ 

A good example of the diprotodont arrange- ^4 
ment is the Kangaroo {Macropus, Fig. 619), 

which has the dental formula — Fig. 618.— Front view of skull of 


I j. 2 

c. ,p. , 
o ^ 2 


==34- 


Fig. 618. — Front view of skull of 
Koala [Phascolarctos cinereus), illus> 
trating diprotodont and herbivorous 
dentition. (After Flower.) 


The canine is very small and early lost. Of the polyprotodont forms the 
Australian Das5mre or Native Cat (Fig. 492) has the formula — 




w. ^ = 42 ; 
4 


and the American Opossum {Didelphys) (Fig. 621)- 

i. -, c. p. -, m. ~= 50. 

4 I 3 4 



Fig. 619. — ^Teeth of Gnat Kangaroo (Macropus ttu^or). (After Owen.) 

The Xenarthra, though not by any means all toothless, always have some 
defect in the dentition ; when teeth are present in the adult the anterior series 
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is absent and the teeth are imperfect, wanting roots and devoid of enamel. 
The tooth-characters differ widely in the different groups. In the Sloths there 
are five teeth above and four below on each side ; no second series is known. 



Fig. 620. — Front view of the skull of Tasmanian Devil (Sarcophilus ur sinus), showing 
polyprotodont and carnivorous dentition. (After Flower.) 



Fig. 621. — ^Teeth of upper jaw of Opoisnm (Didelphys marsupialis), showing the condition 
typical of marsupials, in all of which there is no succession except in the last premolar, the 
place of which is occupied in the young animal by a molariform tooth represented in the figure 
below the line of the other teeth. (After Flower and Lydekker.) 



Fig. 622. — Section of lower jaw and teeth of Orycteropna. (After Owen.) 

In the American Ant-eaters there are no teeth in the adult. In the ArmadiHos, 
on the other hand, the teeth are numerous, though simple and rootless, and, in 
one geriUs at least, two series occur. In the Scaly Ant-eaters there are no teeth. 
In the Tubulidentata or Cape Ant-eaters (Fig. 622) again, there are numerous 
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teeth which are heterodont and diphyodont, and have a peculiar structure, 
being perforated by numerous minute, parallel, vertical canals ; the pulp of 
each tooth, entire at its base, is divided distally into a number of parallel 
columns. 

In the Ungulata the dentition is heterodont and diphyodont, and the teeth 
are very rarely devoid of roots. In the Artiodactyla the premolars and 
molars differ from one another in pattern ; the first upper premolar is almost 
always without a milk predecessor. The Pigs (Fig. 623) are among the very 



Fig. 623. — Left lateral view of the dentition of the Boar (Sws scrofa), the roots of the 
teeth being exposed. (After Flower and Lydekker.) 

few recent Mammalia which possess what has been referred to as a typical 
dentition : the formula of the completed dentition is — 

i. c. p. m.- = 44. 

The incisors of the upper jaw are vertical, those of the lower greatly inclined 
forwards. The canines are greatly developed, especially in the male, and 
grow from persistent pulps ; both the upper and lower are bent upwards and 
outwards and work against one another in such a manner that the upper "Uirears 
on its anterior and external surface, the lower at the extremity of the posterior 
surface. The premolars are compressed, with longitudinal cutting edges, and 
the molars are provided with numerous tubercles or cusps arranged for the 
most part in transverse rows (bunodont type). The first permanent premolar 
has no predecessor, the formula of the milk dentition being — 

». c. -,m.~ = 28. 

3 I 3 
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In the typical R um ina n ts there are no teeth on the premaxillse, the incisors 
of the lower jaw and the canines, which resemble them in shape, biting against 
a thickened callous pad on the opposed surface of the upper jaw, and the upper 
canines are also usually absent ; there are three premolars and three molars in 
both upper and lower series, all characterised by the presence of column-like 
vertical folds of enamel, the interstices between which may be filled up with 
cement — ^the worn surface of the tooth presenting a pattern of the selenodont 
type (Fig. 6io, V). In the Camels there are a pair of upper incisors and a 
pair of large canines in each jaw. 



Fig. 624. — Side view of skull of Hone with the bone removed so as to expose the whole of 
the teeth, c, canine ; jFr. frontal ; i*. i*. incisors ; L. lachrymal ; Ma. jugal ; M^. maxilla ; 

tnK w*. molars ; Na. nasal ; 0. c, occipital condyle ; Pa, pariet^ ; p. situation of the vestigial 
first premolar» which has been lost in the lower, but is present in the upper jaw ; pm^, pm*, pm*, 
remaming premolars ; Pmx, premaxilla ; p. p. par-occipital process ; Sq. squamosal. (After 
Flower and Lydekker.) 

In the Perissodactyla the molars and premolars form a continuous series 
of large teeth with ridged or complexly-folded crowns, the posterior premolars 
often differing little in size and structure from the molars. In the Horse 
(Fig. 624) the formula is — 

but the first premolar is a small tooth which soon becomes lost. A fold of 
the enamel dips downwards (*'.«., towards the root) from the extremity of the 
incisor teeth like the partly inverted finger of a glove ; the canines are small 
in the female, and may not appear on the surface. There is a wide interval 
in both jaws between the canines and premolars. The premolar and molar 
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teeth present a complicated pattern due to folds of the enamel, which differ 
in their arrangement in the upper and lower jaws ; their roots become 
completed only at a late period. 

In the Hyracoidea the dental formula is — 


.1 0,4 3 

2’ o’-^ 4’ 3 


= 34. 


The upper incisors are not unlike the larger pair of the Rabbit in shape, though 
prismatic and pointed, instead of compressed and chisel-like •; they grow from 
persistent pulps. The outer incisors are elongated, inclined forwards, and tri- 
lobed at the extremities. The premolars and molars form a continuous series, 
separated by an interval from the incisors, and in pattern closely resemble those 
of some of the Perissodactyla. 

The Elephants (Fig. 562) have an extremely specialised dentition. There 
are no canines and no lower incisors. The single pair of upper incisors are 
developed into the enormous tusks (Fig. 610, 1 ), which grow continuously 



Fig. 625. — ^Left lower jaw of foetus of Balfld&optera r 08 trata» inner aspect, showing teeth 

natural size. (After Julin.) 

from persistent pulps throughout the life of the animal ; they are of elongated 
conical form, and usually become curved. The tusks are composed of solid 
dentine, enamel occurring only on the apices, and becoming early worn away. 
The molars (Fig. 56a) are very large, and their worn surfaces are marked with 
prominent transverse ridges ; there are six molars altogether on each side, but 
only one or two are functional at once, the more posterior moving forward 
' and taking the place of the more anterior as these become worn out. 

When teeth are developed in the Cetacea they are nearly always numerous, 
homodont, and monophyodont : in the Sperm-Whales they are confined to the 
lower jaw. In the Whalebone Whales, though teeth are developed in the foetal 
condition (Fig. 625), they become lost either before or soon after birth, and 
they are succeeded in the adult by the plates of baleen or whalebone (Fig. 626), 
which, in the form of numerous triangular plates, hang vertically downwards 
from the palate. 

Of the Sirenia, the Dugong and Manatee have a heterodont dentition ; in 
Rhytina teeth were absent. In the two former Sirenians there are incisors 
and molars with a wide diastema between them. In the Manatee there are two 
rudimentary incisors on each side, both in the upper and the lower jaw ; these 
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disappear before the adult condition is reached. There are altogether eleven 
molars on each side above and below, but not more than six of these are in 
use at once, the more anterior when worn out being succeeded by the more 
posterior. They have enamelled crowns with transverse ridges, and are pre- 
ceded by milk-teeth. In the Dugong there are no incisors in the mandible of 
the adult, and only one tusk-like pair in the upper jaw, large in the male — in 
which they grow from persistent pulps, little developed in the female and 
remaining concealed in their sockets. In the young there are rudimentary 



Fig. 626. — Section of upper 
jaw of BaUenoptera (a), with 
baleen-plates (6, c) frayed out 
at their free edges (d, e), (After 
Owen.) 



Fig. 627. — ^Left lower camassial teeth of Catnivoza. 
Felis; II, Canis ; III, Herpeitea ; IV, Lntra ; V, 
UOm; VI, UzsilS. I, anterior lobe (paraconid) of 
blade ; 2, posterior lobe (protoconid) of blade ; 3, inner 
cusp (metaconid) ; 4, talon (hypoconid). (After Hower 
and Lydekker.) 


indsors in the mandible, and also a rudimentary second pair in the upper jaw. 
There are either five or six molars on each side, both in the upper and lower 
jaws. These are cylindrical teeth, devoid of enamel, and with persistent pulps. 

In the Carnivora vera (Fig. 627) the dentition is complete, heterodont, and 
diphyodont, and all the teeth are provided with roots. The incisors are 
relatively small, chisel-shaped teeth ; there are nearly always three of them 
on each side, in both upper and lower jaws. The canines are always laige and 
pointed. The presence of camassids, consisting of the last premolar in the 
upper and the first molar in the lower jaw, is typicaL In front of the 
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camassial the teeth are compressed and pointed behind it they have broad 
surfaces. In the Cat family {Felida) the formula is — 

'■3’ i' I =30. 

The lower camassial is thus the last of the series. In the Dogs (Canid*) the 
formula is usually — 

.3 1.4 2 

3 ’ I’ 4 ’ 3 ^ 42 , 

and in the Bears (Ursid*) it is the same. (For the pattern of the molar teeth 

see Fig. 527,) 

In the Pinnipedia there are always fewer than ^ incisors, and carnassials 

are not developed. The premolars and molars have a compressed, conical, 
pointed form. The prevailing dental formula of the Seals is — 



c. 


I 

I’ 




In the Walras the adult formula is — 


I 

0 ’ 


c. 




The upper canines take the form of large, nearly straight tusks. 

In the large order of the Rodents the dentition is remarkably uniform, and, 
in all its general characters, resembles what has already been described in the 
Rabbit. But the second, smaller pair of incisors of the upper jaw is present 
only in the Hares and Rabbits ; the number of premolars and molars varies 
from — 



m. 



m. 


3 

3 ’ 


and they may develop roots. 

In the Insectivora the dentition is heterodont, complete, and diphyodont. 
All the teeth are rooted. There are never fewer than two incisors on either 
side of the lower jaw. The canines are not of large size. The crowns of the 
molars are beset with pointed tubercles. 

In the Chiroptera the dentition is complete, and the teeth are all rooted. 
There is a milk-series which differs entirely from the permanent teeth. In 
the insectivorous Chiroptera (Bats) the molars are provided with pointed cusps, 
while in the frugivorous forms (" Flying Foxes ”) they are longitudinally 
grooved or excavated. 

In the Primates the teeth are heterodont and diphyodont, and always form 
roots. There are almost invariably two incisors on each side in each jaw, and, 
in an but the Hapalid*, three molars. The dental formulae of the various 
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families have been given in the synopsis of the classification. The dentition of 
Man differs from that of the rest of the order in .the teeth forming a continuous 
series not interrupted by a diastema, and in the comparatively small size of 
the canines. 



Fig. 628. — Different forms of the stomach in Mammals. A, Dog ; B, Mas decamaaas ; 
C, Mas musculos ; D, Weasel ; E, scheme of the raminaat stomach, the arrow with the dotted 
line showing the course taken by the food ; E, haman stomach, a, b, c, muscles on inner side ; 
G, Camel ; H, Tachyglossas acoleata ; /, Bradsrpos tridactylos. A. {in E and G) abomasum ; Ca. 
cardiac end; Cma. greater curvature; Cmi, lesser curvature; Du. duodenum; MB, caecum; 
O, psalterium ; Oe. oesophagus; P. pylorus ; R. (to the right in Fig. E), ff, rumen ; R. (to the 
left in Fig. E), t> reticulum; Sc. cardiac division; Sp. pyloric division; WZ, water-cells; ♦♦ 
duodenal pouches, (From Wiedersheim's Comparative Anatomy.) 


The mouth in mammals is bounded by fleshy lips. On the floor of the 
mouth is situated the tongue, which is usually well developed, but varies in 
size and shape in different orders. Its surface is covered with papillae of different 
forms, in association with certain of which are the special end-organs of the 
nerves of taste — the taste-buds. The roof of the mouth is formed in front by the 
hard palate, consisting of the horizontal palatine plates of the maxillary and 
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palatine bones covered with mucous membrane. Behind the hard palate projects 
backwards the soft muscular fold of the soft palate, also with taste-buds, which 
divides the cavity of the pharynx into two chambers, an upper and a lower. In 
front of the opening, leading from the lower division of the pharynx into the 
larynx, is a cartilaginous plate — the epiglottis — of which rudiments only are 
found in certain lower vertebrates. 

The oesophagus is always a simple straight tube. The stomach varies greatly 
in different orders, being sometimes simple, as in the majority of mammals, 
sometimes divided into chambers, as in the Cetacea and the Ruminants. 

In the majority of mammals the stomach is a simple sac, as in the Rabbit 
(p. 502). But in certain groups it is complicated by the development of 
internal folds, and may be divided by constrictions into a number of differ- 
ent chambers. The complication of this organ reaches its extreme limit in 



Fig. 629. — Stomach of Ruminant opened to show the internal structure, a, oesophagus ; 
b, rumen ; c, reticulum ; psalterium ; e, abomasum ; /, duodenum. (After Flower and 
Lydeikker.) 

the ruminant Ungulata and in the Cetacea. In a typical Ruminant (Fig. 628 
E, Fig. 629), such as a Sheep or an Ox, the stomach is divided into four cham- 
bers — ^the rumen or paunch, the reticulum, the psalterium, and the abomasum, 
or rennet stomach. The first of these (Fig. 629, b) is much larger than the 
rest ; its mucous membrane is beset with numerous short villi. The reticulum 
(c), which is much smaller than the nunen, has its mucous membrane raised 
up into a number of anastomosing ridges, giving its wall the appearance of a 
honeycomb with shallow cells. From the aperture by which the reticulum 
commimicates with the rumen to that with which it communicates with the 
psalterium runs a groove bounded by a pair of muscular ridges, which are 
capable of closing together in such a way as to convert the groove into a canal. 
The mucous membrane of the psalterium (d) is raised up into numerous longi- 
tudinal leaf-like folds. The abomasum (ej, smaller than the rumen, but larger 
than the reticulum, has a smooth vascular and glandular mucous membrane. 
The oesophagus opens into the rumen close to its junction with the reticulum. 
The herbage on which the ruminant feeds is swallowed without mastication. 
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accompanied by copious saliva, and passes into the rumen and reticulum, where 
it lies until, having finished feeding, the animal begins ruminating or chewing 
the cud. In this process the sodden food is returned in rounded pluses from 
the rumen to the mouth, and there undergoes mastication. When fully 
masticated it is swallowed again in a semi-fluid condition, and passes along the 
groove into the reticulum, or over the unmasticated food contained in the 
latter chamber, to strain through between the leaves of the psalterium and enter 
the abomasum, where the process of digestion goes on. In some Ruminants 
the psalterium is wanting. In the Camels (Fig. 628, G) the stomach is not so 
complicated as in the more typical Ruminants, there being also no distinct 

psalterium, and the rumen being 
devoid of villi ; both the rumen 
and the reticulum have con- 
nected with them a number of 
pouch-hke diverticula (w. z.), the 
openings of which are capable 
of being closed by sphincter 
muscles ; in these water is stored. 
In the Cetacea the stomach is 
also divided into compartments. 
In the Porpoise (Fig. 630) the 
oesophagus (a) opens into a 
spacious paunch (b), the cardiac 
compartment of the stomach, 
with a smooth, thick, mucous 
membrane. This is followed by 
a second chamber (c), of con- 
siderably smaller dimensions, 
with a glandular mucous mem- 
brane, which is thrown into a 
number of complex folds. A long and narrow third, or pyloric, compart- 
ment {d, e) follows upon this, terminating in a constricted pyloric aperture, 
beyond which the beginning of the intestine is dilated into a bulb. 

A caecum, situated at the junction of the large and small intestines, is usually 
present, but varies greatly in extent in the different orders and families. It 
is much larger in vegetable-feeding than in carnivorous forms, and among the 
former it is those that have a simple stomach, such as the Rabbit, that have 
the largest c^um. Hyrax differs from all the rest of the dass in having a paur 
of supplementary caeca situated some distamce down the krge intestine. A 
caecum is absent in the Sloths, some Cetacea, atnd a few Carnivora. 

The Prototheria resemble Reptiles, Birds, and Amphibia, and differ from 
other Mammads in the presence of a doaca, into which not only the rectum 



Fig. 630. — ^Diagrammatic section of the stomach 
of the Porpoise, a, oesophagus; b, left or cardiac 
compartment; c, middle compartment; d and 
the two divisions of the right, or pyloric compartment ; 
/, pylorus; g, duodenum, dilated at its commence- 
ment ; k, bile-duct. (After Flower and Lydekker.) 
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but the urinary and genital ducts open. In the Marsupials a common 
sphincter muscle surrounds both anal and urinogenital apertures and in the 
female there is a definite cloaca ; in nearly all the Eutheria the apertures 
are distinct, and separated from one another by a considerable space — ^the 
perifueutn. 

The liver (Fig. 631) consists of two parts or main divisions, right and left, 
incompletely separated from one another by a fissure termed the umbilical, 
owing to its marking the position of the foetal umbilical vein. Typically each 
of these main divisions is divided by a fissure into two parts, so that right 
lateral {rl.) and right central {rc.) and left lateral { 11 .) and left central {Ic.) lobes are 
distinguishable. When a gall-bladder is present, as is the case in the majority 
of mammals, it is attached to, or embedded in, the right central lobe. A 
fissure, the portal, through which the 
portal vein and hepatic artery pass 
into the substance of the liver, and 
the hepatic vein passes out, crosses 
the right central lobe near the 
anterior border. The postcaval lies 
in contact with, or embedded in, the 
right lateral lobe near its anterior 
border, and given off from this lobe, 
between the postcaval and the portal 
fissure, is a small lobe, of varying 
extent — the Spigelian. The term 
caudate lobe is applied to a process of 
the right lateral lobe, of considerable 
extent in most mammals, having the 
postcaval vein in intimate relation 
to it, and often closely applied to 
the kidney. A gall-bladder is usually 
present, but is absent in the Cetacea, the Perissodactyle Ungulata, the 
Hyracoidea, and some Rodents. 

Vaseular System. — ^The blood of mammals is warm, having a temperature 
always of from 35® to 40® C. The red corpuscles are non-nucleated : in form they 
are most usually biconcave discs, always circular in outline, except in the Cami- 
lidae, in which most of them are elliptical. The lymphatic system of vessels is 
very highly developed, ramifying richly throughout all parts of the body. In 
the course of this system occur numerous lymphatic glands. The special part 
of the lymphatic system of vessels {lacteals) which ramify in the wall of the intes- 
tine and absorb the fatty matters of the food combine with the lymphatic 
vessels from the hind-limbs and body to form a receptacle — ^the receptaculum 
chyli — ^from which a tube, the thoracic duct, which may be doublet nms forward 



lobe; cf, cystic fissure; dv, ductus venosus; 
g, gall-bladder; Ic. left central lobe; ll. left 
lateral lobe ; ///. left lateral fissure ; p, portal 
vein entering transverse fissure ; rc. right central 
lobe; rl, right lateral lobe; rlf. right lateral 
fissure; s. Spigelian lobe; u, umbilical vein; 
VC. post-caval. (After Flower and Lyddeker.) 
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to open into the base of one of the great veins of the precaval S37stem by a 
valvular aperture. 

The general statements which have been given with regard to the heart of 
the Rabbit (p. 504) hold good for the Mammalia in general. The sinus venosus 
is never distinct from the right auricle : of its valves, which are more completely 
retained in the Edentata than in the other orders, the right gives rise to the 
Eustachian valve — a membranous fold, often fenestrated in the adult, extending 
from the right wall of the postcaval to the edge of the foramen ovale (annulus 
ovalis) ; while the left becomes merged in the auricular septum, helping to 
complete the annulus ovalis behind. Each auricle has an auricular appendix. 
The right auriculo-ventricular aperture has a three-lobed tricuspid valve, and 
the left a two-lobed bicuspid, or mitral, with chordae tendineae and musculi 
papillares. In all mammals the openings of the pulmonary artery and aorta are 
provided with three-lobed semilunar valves. 

The single aortic arch, situated in all mammals on the left side, varies 
greatly in the way in which it gives off the main arterial trunks. Sometimes a 
single large trunk passes forward from the arch of the aorta and gives rise to 
both carotids and both subclavians. Sometimes there are two main trunks — 
right and left innominate arteries — each giving rise to the carotid and sub- 
clavian of its own side. Sometimes there is a right innominate giving off right 
carotid and right subclavian, the left carotid and left subclavian coming off 
separately from the arch of the aorta ; or, as in the Rabbit, an innominate may 
give origin to the right subclavian and both carotids, the left subclavian coming 
off separately. 

In Monotremes and Marsupials, in most Ungulates, and in the Rodentia, 
Insectivora, and Chiroptera, both right and left precavals persist ; in the others 
the left aborts, its vestige giving rise to the coronary sinus. In the Monotremes 
the openings of all three cavals are provided with valves, only vestiges of which 
exist in the other groups. In the Monotremes all the pulmonary veins open by 
a common trunk. In the Metatheria and Eutheria the four veins sometimes 
open separately, sometimes the two veins of each side unite to form a single 
lateral trunk. In Tachyglossus there is an abdominal vein corresponding to 
that of the Frog and Lizard (pp. 323 and 368). 

The following are some of the principal variations in the structure of the 
heart which occur in the different groups of mammals. In the Monotremes there 
is a deep fossa representing the fossa ovalis in the auricular septum. The auri- 
culo-ventricular Valves depart from the structure t3?pical of Mammalc and 
approach the corresponding valves in the heart of Birds. In the Marsupials 
the fossa ovalis and annulus ovalis are absent ; in the uterine foetus of the Kan- 
garoo the auricles communicate by a fissure, but all trace of this becomes lost 
before the adult stage is reached. 

In the Cetacea, Eustachian and Theb^ian valves are both absent. In 
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some of the Cetacea the apices of the ventricles are separated by a slight 
depression. In the Sirenia there is a corresponding, but much deeper and 
wider, cleft, so that the apex of the heart is distinctly bifid. 

In the Ungulata, Eustachian and coronary valves are both absent ; in 
some there is a cartilage or a bone — the os cordis — often double, at the base of 
the heart. The Eustachian valve is absent in most of the Carnivora. In the 
Pinnipedia an aperture of communications between the auricles often persists 
in the adult. 

The organs of respiration resemble those of the Rabbit in the general 
features mentioned on p. 508. 

In the Cetacea, the epiglottis and arytenoids are prolonged to form a tube, 
which extends into the nasal chambers and is embraced by the soft palate, so 
that a continuous passage is formed leading from the nasal chambers to the 
larynx, and giving rise to the condition of intra-narial epiglottis. In all the 
remaining orders a similar condition occasionally occurs — the epiglottis being 
produced upwards into the respiratory division of the pharynx behind the soft 
palate. In foetal Marsupials, in which the intra-narial condition is very com- 
plete, it is obviously associated with the passive absorption of the milk, while 
breathing is being carried on continuously through the nostrils. Some Cetacea 
and Artiodactyla, etc., are exceptional in having a third bronchus, which passes 
to the right lung anteriorly to the ordinary bronchus of that side and to the 
pulmonary artery. In connection with various parts of the respiratory system 
there are cavities containing air. The connection of the tymi)anic cavity with 
the pharynx by means of the Eustachian tubes has been already mentioned. 
Air-sinuses, connected with the nasal chambers, extend into the bones of the 
skull, especially into the maxillse and frontals, where they may reach large 
dimensions, and are known as the maxillary antra djcid frontal sinuses. Air- 
sacs are also developed in connection with the larynx in many of the Apes. 

Nervous System. — ^The brain of mammals (Fig. 632) is distinguished by 
its relatively large size, and by the large size and complex structure of the 
cerebral hemispheres of the fore-brain. 

The cerebral hemispheres of opposite sides are connected together across 
the middle line in all mammals, except the Monotremes and Marsupials, by a 
band of nerve-tissue termed the corpus callosum — a structure not present in 
the Sauropsida. The hemispheres, in all but certain of the lower and smaller 
mammals, are not smooth, but marked by a number of grooves or sulci separating 
winding ridges or convolutions. The lateral ventricles in the interior of the 
hemispheres are of large size and somewhat complex form. 

The optic lobes, which are relatively small, are divided into four parts, and 
are hence called the corpora quadrigemina. The pineal body is always a small 
gland-like structure. Connecting together the lateral parts of the cerebellum, 
which, in the higher Mammals, attains a high degree of development, is a 
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transverse flattened band — the pons Varolii {Po .) — crossing the hind-brain on 
its ventral aspect. 

In the Monotremes and Marsupials (Figs. 633, 634) there is no corpus 
callosum, while the anterior commissure (ant. com.) is of relatively large size, 

A B 



Fig. 632. — ^Brain of Dog. A, dorsal; B, ventral; C, lateral aspect. B. oL olfactory bulb; 
Cr, ce, crura cerebri ; Fi. p* great longitudinal fissure ; HH, HU\ latera lobes of cerebellum ; 
Hyp, hypophysis ; Med, spinal cord ; IVH, medulla oblongata ; Po, pons Varolii ; VH, cerebral 
hemispheres; Wu, middle lobe (vermis) of cerebellum; I — XI 1 , cerebral nerves. (From 
Wiedeisheim’s Comparative Ancdomy.) 


and, unlike the corresponding commissure in lower vertebrates, contains fibres 
connecting together areas of the non-olfactory regions (neo-pMium) of the 
hemispheres. The hippocampi extend along the whole length of the lateral 
ventricles. The layer of nerve-cells in each hippocampus gives ori gin , as in 
Eutheria, to numerous fibres, which form a layer on the surface, ^e alveus, 
and become arranged in a band — ^the tania hippocampi. In the Eutheria, a$ 
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we have seen in the case of the Rabbit, the taeniae unite mesially to form the 
body of the fornix (see p. $10). In the Monotremes and Marsupials, on the 
other hand, there is no such union ; the fibres of the taenia run towards the 
foramen of Monro, where they become divided into several sets. Of these one 
set, constituting the great majority of the fibres, pass into the hippocampus of 
the opposite side, giving rise to a hippocampal commissure {hip, com,, cf. Figs. 
633 and 634), the great development of which readily leads to its being mis- 
taken for a corpus callosum. The fibres entering into the formation of this 
commissure correspond, however, not to the fibres of the corpus callosum, which 



Fig. 633. — Brain of Taohyglossus acu- 
leata, sagittal section, ant. com. anterior 
commissure ; cbl. cerebellum ; c, mam. 
corpus mammillare ; col. forn. column of 
the fornix ; c. qu, corpora quadrigemina ; 
gang. hab. habenular ganglion ; hip. com. 
hippo-campal commissure ; med. medulla 
oblongata ; mid. com. middle commissure ; 
olf. olfactory bulb ; opt. optic chiasma ; 
tub. olf. tuberculum olfactorium ; vent. 3, 
third ventricle. 



Fig. 634. — Sagittal section of brain of Bock 
Wallaby (Petrogale penicillata). ant. com. anterior 
commissure ; cbl. cerebellum ; c. mam. corpus 
mammillare ; c. qu. corpora quadrigemina ; crur. 
crura cerebri; epi. epiphysis, with the posterior 
commissure immediately^ behind ; /. mon. position 
of foramen of Monro ; hip. com. hippocampal com- 
missure, consisting here of two layers continuous 
behind at the splenium, somewhat divergent in 
front where the septum lucidum extends between 
them ; hypo, hypophysis med. medulla oblongata ; 
mid. com. middle commissure ; olf. olfactory bulb ; 
opt. optic chiasma ; vent. 3, third ventricle. 


is the commissure of the neo-pallium, but, as proved by their mode of origin, 
to the fibres of the fornix, and they connect together only the hippocampi, the 
fascia dentata, or specialised lower borders of the hippocampi, and an area of 
the hemisphere in front of the anterior commissure {pre-commissural area) : 
they thus constitute an olfactory or archipallial commissure, since all these parts 
belong to the olfactory region of archipallium of the hemispheres. In the 
Monotremes (Fig. 633) the hippocampal commissure is only very, slightly bent 
downwards at its posterior extremity. In most Marsupials (Fig. 634) it 
bends sharply round posteriorly and runs forward again, becoming thus folded 
into two layers, dorsal and ventral, continuous with one another at a posterior 
bend or splenium, similar to the splenium of the corpus callosum. The dorsal 
layer of the hippocampal commissure becomes almost completely replaced in the 
VOL. II. 2 X 
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Eutheria by the fibres of the corpus callosum, and the ventral part persists in 
the shape of the psalterium or lyra. 


Fig. 635. — Brain of Omithor- 
rhynobus anatinus, dorsal view 
(natural size), cbl, cerebellum ; olf. 
olfactory bulbs. 



Fig. 636. — Brain of Taobyglossns 
aculeata» dorsal view (natural size). 


In OrnithorhyncTius (Fig. 635) the hemispheres are smooth ; in Tachy- 
glossus (Fig. 636) they are tolerably richly convoluted. Both genera, but Jiibre 
particularly Tachyglossus, are characterised by the enormous development of the 





Fig. 637. — Brain of Kangaroo Fig. 638. — Dorsal view of brain of Oray’a 

{Macropus major), (After Owen.) Whale (Cogia grayi) , (After Haswell.) 


parts of the hemispheres (archipalKum) connected with the olfactory sense. In 
the lower Marsupials there are no convolutions (Notoryctes, Koala, Phalangers), 
while in the higher the convolutions are numerous, though the sulci are not very 
deep (Macropus, Fig. 637). Among the Eutheria there is a great range in the 


PHYLUM CHORDATA 


675 


grade of development of the brain, from the Rodents and lower Insectivores to 
the higher Primates. In the lower types of mammalian brain the cerebral 
hemispheres are relatively small, do not over-lap the cerebelltun, and have 
smooth, or nearly smooth, surfaces. In the higher types the relative develop- 
ment of the hemispheres is immense, and their backward extension causes 
them to cover over all the rest of the brain, while the cortex is thrown into 
numerous complicated convolutions separated by deep sulci (Fig. 638). This 
development of the cerebral hemispheres reaches its maximum in Man. 

The organs of special sense have the same general structure and arrangement 
as in the Sauropsida. Jacobson’s organs, which in the Sauropsida constitute 
such important accessory parts to the 
olfactory apparatus, are well developed 
only in the lower groups of mammals. 

The olfactory mucous membrane is of 
great extent, owing to the development 
of the convoluted ethmo-turbinal bones 
over which it extends. In the toothed 
Cetacea alone among mammals do the 
nasal chambers lose their sensory functions 
— the olfactory nerves being vestigial or 
absent. The organs of taste are taste-buds 
in the mucous membrane covering certain 
of the papillae on the surface of the 
tongue and in that of the soft palate. 

In essential structure the eye of the 
Mammal resembles that of the Ver- 
tebrates in general {see p. 112). The 
sclerotic is composed of condensed fibrous 
tissue. The pecten of the eye of Birds 
and Reptiles is absent. In most 
Mammals there are three movable eye- 
lids, two, upper and lower, opaque and usually covered with hair, and one 
anterior, translucent, and hairless — ^the nictitating membrane. The secretions 
of. a ladirymal, a Harderian, and a series of Meibomian glands moisten and 
lubricate the outer surface of the eye-ball and its lids. In Moles, and certain 
other burrowing Insectivores and Rodents, and in Notoryctes among the 
Marsupials, the eyes are imperfectly developed and functionless. 

The ear of a mammal is more highly developed than that of other verte- 
brates, both in respect of the greater complexity of the essential part— the 
membranous labyrinth — ^and in the greater development of the accessory parts. 
A large external auditory pinna, supported by cartilage, is almost invariably 
IH-^sent, except in the Monotremata, Cetacea, and Sirenia. This is a widely 



Fig. 639. — Sagittal section through 
the nasal and buccal cavities of the human 
head. /, II, III, the three olfactory 
ridges formed by the turbinals ; he, 
entrance to the mouth ; Ig. tongue ; 
os, Ojrcning of Eustachian tube; sn\ 
frontal sinus ; sn"', sphenoidal sinus ; v. i, 
atlas vertebra ; v, it, axis vertebra. 
(After Wiedersheim.) 
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open funnel, of a variety of shapes in different groups, having the function of 
collecting the waves of sound. By the action of a system of muscles it is usueiUy 
capable of being turned about in different directions. Encldsed by its basal 
part is the opening of the external auditory passage (Fig. 640, Ex.). This, the 
length of which varies, leads inwards to the tympanic memhrane (M.), which 
separates it from the cavity of the middle ear or tympanic cavity. The wall of 
the external auditory passage is sometimes entirely membranous or cartilaginous, 
sometimes in part supported by a tubular part of the tympanic bone ; in 
Tachyglossus it is strengthened by a series of incomplete rings of cartilage. The 
t5nnpanic cavity, enclosed by the periotic and t3nnpanic bones, communicates 



Fig. 640. — Parts of the Bnnum ear (diagrammatic). Ceh, cochlea; E. Eustachian tube; 
Ex, outer opening of ear; L, labyrinth; M, tympanic membrane; JV. entrance of auditory 
nerve ; Oj, O,, O3, the three auditory ossicles, stapes, incus, malleus. (After Headley.) 

with the upper or respiratory division of the pharynx by a longer or shorter 
tubular passage — the Eustachian tube (£.). On its inner wall are the fenestra 
ovalis and rotunda, and across its cavity, from the tympanic membrane to the 
fenestra ovalis, runs the irregular chain of auditory ossicles — ^the malleus (O3), 
the incus (Og) and the stapes (Oj). These vary somewhat in form in different 
Mammals. The stapes is usually perforated by a considerable foramen, as in 
the Rabbit, but, in the Monotremes, certain Marsupials, and Manis among the 
Edentata, apxnoximates more towards the rod-like shape which the columella 
presents in Amphibians^ Reptiles, and Birds. The membranous labyrinth {L.) 
of the internal ear of a Mammal is characterised by the spedal development of 
the cochlea {Cch.), which (excqjt in the Monotremes) is coiled into a sp^ Iflce 
the shell of a Snail. 

UriiiogMiitid (hrgMis. — ^The kidneys of Mammals are compact organs of oval 
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shape. On the inner side is a notch or hilus, by which vessels and ducts enter 
or leave the interior of the kidney. The substance of the kidney consists of 
two distinctly marked portions— a central portion of medulla, and an outer 
part or cortex ; the latter is the secreting part ; the former consists of a mass of 
straight tubules by which the secretion is carried to the ureter. The ureter 
dilates as it enters the kidneys to form a chamber — the pelvis — into which the 
straight tubules of the medulla of the kidney open. The openings of the 
tubules are on the summits of papillae, which are the apices of a series of p5n:a- 
midal masses into which, in most cases, the substance of the kidney is in- 
completely divided. In many mammals, however, there is no such division of 
the kidney substance, and all the ducts open on the surface of a single papilla. 
In others again (Ox, Bears, Seals, Cetacea) the division is carried so far that 
the kidney is divided externally into a number of distinctly separated lobules. 

The ureters in all the Theria open into a large median sac — ^the urinary 
bladder — situated in the posterior or pelvic part of the cavity of the abdomen. 
From this a median passage, the urinogenital passage or uretha — into which in 
the male the vasa deferentia open — Pleads to the exterior. Only in the Mono- 
tremes do the two ureters and the bladder all have separate openings into the 
urinogenital division of the cloaca. 

The testes are oval bodies, which only exceptionally retain their original 
position in the abdominal cavity, descending in the majority of mammals 
through a canal — ^the inguinal canal — ^in the posterior part of the abdominal 
wall to lie in th.&perineeum, or space between the urinogenital and anal apertures, 
or to be received into a pendulous pouch of skin, sometimes double — the 
scrotum. The penis, present in the males pf all mammalia, consists of two 
corpora cavernosa, firm strands of vascular tissue attached proximately to the 
ischia except in the Monotremes, Marsupials, and some Edentata, and a central 
strand, the corpus spongiosum, perforated by the urethral canal and often 
dilated at the extremity to form the glans. The two vasa deferentia continued 
from the epididymes, which are in dose relation to the testes, join the urethal 
canal near the neck of the bladder, each often having connected with it, near 
its distal end, a sacculated reservoir — ^the vesicula seminalis. A small diverti- 
culum of the proximal part of the urethra — ^the uterus masculinus — ^may be a 
remnant of the Mullerian duct. Surrounding this part of the urethra is a 
gla n d ul ar mass — the prostate gland ; and the ducts of a pair of small glands — 
Cowper’s glands — open into the urethra near the base of the penis. 

The ovaries are compressed oval bodies which retain their primary position 
in the abidomen, or pass backwards into its posterior or pelvic part. In the 
Monotremes, large Graafian follides project on the surface of the ovary, while 
in other m ammds the Graafian follicles are very small, and the surface of the 
ovary is almost smooth. 

The oviducts have dilated funnel-like abdominal openings, the edges of which, 
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except in the Monotremes, are fimbriated or fringed. In the Monotremes the 
two oviducts are distinct throughout their length, and open separately into a 



Fig. 641. — ^Various forms of uteri in Enttwria. A, B, C. D, diagrams illustrating the difieient 
degrees of coalescence of the oviducts. A, two distinct uteri. B, bicomuate uterus. C, uterus 
with a median partition. D, complete coalescence. £, female reproductive organs of one of 
the Musielina with embryos (♦♦) in the uterus. F, female reproductive organs of the Hedgehog. 

urinary bladder ; Ce» cervix uteri (neck of uterus) ; N, Nn, kidneys and adrenal bodies ; Od, 
Fallopian tube ; Ot, ostium tubae (abdominal opening of [Fallopian tube) ; r. rectum ; Sug, urino* 
genital-canal; Ur. ureter; U/. uterus; Fg. vagina; tt» accessory glands. (From Wiedersheim's 
Comparative Anatomy.) 

uiinogenital sinus. In nearly all the Theria more or less coalescence takes 
place. In the Marsupials this coalescence is confined to the proximal part of 
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the vagina. In the Opossums (Fig. 641, A) the two oviducts are merely in 
close apposition at one point behind the uteri, and there is no actual coalescence. 
In the rest of the Marsupials (B, C) the anterior portions of the oviduct in the 
region (vagina) behind the uteri unite to form a median chamber which may 
send backwards a median diverticulum {median vagina, Vg., B), and in this way 
communicate behind with the urinogenital passage. In the Eutheria there is 
a single median vagina (Fig. 641, Vg.) formed by the union of the posterior 
parts of the two oviducts. In some cases the two uteri {A , ut.) remain distinct ; 
in others their posterior portions coalesce {B, C), the anterior parts remaining 
separate, so that there is formed a median corpus uteri with two horns or 



Fig. 642. — ^Part of a sagittal section of an Ovary of a new-born child. W. v. blood-vessels ; 
foil, strings and groups of cells derived from the germinal epithelium becoming developed into 
follicles ; g. ep. germinal epithelium ; in. ingrowing cord of cells from the germinal epithelium ; 
pr. ov. primitive ova. (From Hertwig, after Waldeyer.) 


cornua. In Primates and some Edentates the coalescence goes still further, 
there being an undivided uterus {D) in addition to an undivided vagina, the 
only parts of the oviducts which remain distinct from one another being the 
narrow anterior parts or Fallopian tubes. In all Mammals there is, in the 
vestibule or urinogenital passage through which the vagina communicates with 
the exterior by the aperture of the vulva, a small body — the clitoris — the 
homologue of the penis, and sometimes perforated by the urethral canal. 

Development. — ^The ova of mammals (Fig. 642), like those of vertebrates in 
general, are developed from certain cells of the germinal epithelium. Each of 
these, surrounded by smaller tmmodified cells of the epithelium, sinks into the 
stroma of the ovary, in which it becomes imbedded, the small cells forming a 
Graafian foUide {foil.) which encloses it. Soon spaces filled with fluid appear 
amon g the follicle cells (Fig. 643, A, sp.), and these eventually coalesce to 
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fonn a single cavity. This cavity which in some mammals is crossed by strings 
of cells, separates an outer layer of the follicle cells— the memhrana granulosa 
(mem.) — from the mass — cumulus proligerus (disc.) — ^surrounding the ovum, 
except on one side where they coalesce. A basement membrane is formed 
externally to the follicle cells, and the stroma around this becomes vascular, and 
forms a two-layered investment for the follicle. The cells immediately sur- 
rounding the ovum become arranged as a definite layer of cylindrical cells — ^the 
corona radiata. A thick membrane — the zona radiata — ^perforated by numerous 
radially arranged pores, into which project processes from the cells of the corona, 
invests the ovum ; and in many, if not in all, there is beneath this a delicate 
vitelline membrane. In Marsupials the ovum contains yolk which is soon 
extruded ; the ovum of placentals contains no yolk. 



Fig. 643. — ^Two stages in the development of the Graafian follicle. A, with the follicular 
fluid beginning to appear ; J5, after the space has largely increased, caps, capsule ; disc, cumulus 
proligerus; membrana granulosa ; oti. ovum; space containing fluid. (After Hertwig.) 

As the ovum approaches maturity the fluid — liquor folliculi — ^in the cavity 
of the follicle increases in quantity, so that the follicle becomes greatly distended, 
lire follicle has meanwhUe approached the surface of the ovary, on which it 
comes to project as a rounded prominence. Eventually the middle region of 
the projecting part of the wall of the follicle thins out and ruptures, setting free 
the ovum, which passes into the Fallopian tube. On the way along the Fallo- 
pian tube fertilisation takes place, and, after becoming enclosed in an envelope of 
albumen (not always present), the ovum passes onwards to the uterus, there to 
imdergo its development. In the place of the discharged ovum there is left a 
space which becomes filled with connective tissue to form a body known as the 
corpus Vuteum. If the ovum should become fertilised and proceed to develop in 
the uterus, the corpus luteum increases in size and papists for a considerable 
time : if no development takes place it disappears comparatively quickly. 

With the absence of food-yolk are connected most of the differences 
observable between the early s^es of the development of a higher mammal 
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(Fig. 644) and the corresponding stages in the development of a reptile or bird. 
One of the most striking of these is in the mode of cleavage. In the case of the 
large ovum of the Bird, as we have seen, the segmentation is of the incomplete 
or meroblastic tj^, being confined to a small disc of protoplasm — ^the germinal 
disc on one side of the ovum. In the Mammals, on the other hand, except in 
the Monotremes, cleavage is complete or holoblasiic, the entire ovum taking 
part in the process of segmentation. The cleavage is nearly or quite regular, the 





Fig. 644. — ^Diagram representing sections of the embryo of a Mammal at successive stages 
in the segmentation and formation of the layers. A and B, formation of enclosing layer (tropho- 
blast) and inner cell-mass destined to give rise to the embryo ; C, blastodermic vesicle with 
embryonic cell-mass {emb.) separated from trophoblast (fr.) except on one side ; D, blastodermic 
vesicle in which peripheral and embryonic portions of endoderm have become established ; the 
break here represented on each side between the two does not occur. E, stage in which the 
embryonic ectoderm has broken through the trophoblast and become joined to it peripherally. 


cells into which the ovum divides being of equal, or approximately equal, size. 
The result, in the Eutheria, is the formation of a sphere of cells, which soon 
become distinguishable into an outer layer the trophoblast, and a central mass, 
the inner cett-mass or embryonal knot. In the Marsupials, so far as known, the 
stage of a solid cellular sphere or morula does not occur, a central cavity being 
present from the outset. In the Eutheria, by imbibition of liquid, a cavity, 
which is formed in the interior of the sphere, increases rapidly in size. The 
stage now reached is called the blastodermic vesicle. During the growth in size 
of the internal cavity the central mass of cells remains in contact with one side 
only of the trophoblast, where it spreads out us a stratum several cells deep. 
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From it are derived the embryonal ectoderm and the entire endoderm of 
the vesicle. 

The outer layer is apparently the equivalent of the extra-embryonal ecto- 
derm of the Bird and Reptile, and has been termed the trophollast or tropho- 
blastic ectoderm, because of the part which it plays in the nutrition of the foetus. 
Immediately beneath it, throughout its extent, a thin layer of flattened cells 
appears — the peripheral endoderm : this is continuous with a similar layer 
formed on the inner surface of the embryonic cell-mass — the embryonic endo- 
derm — and is formed by outgrowth 
from it. The rest of the cell-mass 
gives rise to tYieembryonicectoderm. 
The part of the trophoblast l5H[ng 
over this embryonic ectoderm, 
known as the covering layer or 
Rauber’s layer, has a widely 
different fate in different Eutheria : 
it may thin out and disappear. 

A primitive knot and embryonic 
shield are formed as in Reptiles. 
The primitive knot has simply 
the appearance of the somewhat 
enlarged anterior extremity of a 
primitive streak (Fig. 645, pr.) 
which is developed very much 
in the same way as in the Bird, 
its formation being due to the 
same cause as in the Bird, viz., 
active proliferation of cells lead- 
ing to the development of the 
beginnings of the mesoderm. A 
dark median streak, the head-process, appears in front of the primitive 
knot, and in some Mammals there is an invagination on the surface of 
the latter leading to the formation of a neurenteric c^al and of a notochordal 
canal which gives rise to the rudiment of the posterior part of the notochord 
In the region of the anterior part of the primitive streak, the primitive 
knot and the head-process, the mesoderm coalesces with the endoderm ; 
but there does not appear to be any breaking through into the underlying 
space such as occurs in Reptiles (p. 417). A medullary groove {rf) and canal 
are formed in front of the primitive streak, and a row of protovertebrae 
(Fig. 646) make their appearance on eaw:h side of the former. The embryo 
becomes folded off from the blastoderm ais in the Bird, and at length the body 
of the young matnmal is constricted off from the " yolk-sac ” or umbilical 



Fig. 645. — Embryonic area of seven days' 
embryo Babbit, ag. embryonic area; o, place of 
future vascular area ; pr, primitive streak ; fr, 
medullary groove, (From Balfour, after Kdlliker.) 
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vesicle, so that, ultimately, the two come to be connected only by a narrow 
yolk-stalk (Figs. 647 and 649) : the yolk-sac is a thin-walled sac containing 
a coagulable fluid in place of yolk. A vascular area early becomes established 
around the embryo on the wall of the yolk-sac. 

The most important of the points of difference between a mammal and a 
Bird, as regards the latter part of the history of the development, are connected 
with the fate of the fecial membranes. The amnion is in many mammals 



Fig. 646. — ^Embryo Babbit, of about nine days, from the dorsal side. a. aorta ; ab, optic 


. Opt 

vesicle : af. fold of amnion ; ao, area opaca ; ap, area pellucida ; A. Jwr, he^ . " ; * : medullay 
plate in the region of the future fore-brain ; medul^ry plate in the region ome future mid- 
brain; hh and hh'", hind-brain; nth, mid-brain; ph, pericardial of b<^y ca^nty , 

primitive streak; pz, lateral zone; rf, medullary groove; mw proto-vertebr® , , ste, vertebral 
zone ; vd, pharynx ; vo, vitelline vein. (From B^four, after KolUker.) 


developed in the same way as in the Bird, viz., by the formation of a system of 
folds of the extra-embryonal somatopleure which arise from the blastodenh 
around the embryo, and grow, upwards and inwards, eventually meeting in the* 
middle over the body of the embryo, and uniting in such a way as to form two 
layers. Of the two layers thus formed the outer, consisting of trophoblastic 
ectoderm and somatic mesoderm, .simply constitutes a part of the extm- 
embryonic somatopleure which forms a complete investment for the enture 
ovum, and is known as the chorion or sub-zonal membrane (Fig. 647, 2 and 3). 
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Fig. 647. — Five diagrammatic sections illustrating the formation of the foetal membranes 
of a Mammal. In i, 2, 4 the embryo is represented in longitudinal section. J, Embryo with 

zona pellucida blastodermic vesicle, and emb^onic area ; 2» embryo with commencing formation of 
volk-sac and amnion ; j, embryo with amnion about to close ; 4, embryo with vnlous chorion, 
larger allantois, and mouth and anus ; 5, embryo in which the mesoderm of the allantois has 
extended round the inner surface of the chorion and united with it to form the foetal part of the 
placenta ; the cavity of the allantois is aborted, a, ectoderm of embryo ; a\ ectoderm of non- 
embryonic part of me blastodermic vesicle ; ah, amniotic cavity ; dl, allantois ; am. amnion : 
ch, foetal pan of placenta ; chZt placental villi ; d, in x zona radiata, in 2 and 3 chorion ; d^ processes 
of zona radiata and chorion ; ad, embryonic endoderm ; d/. area vasculosa ; dg, stalk of umbilical 
vesicle ; ds, cavity of umbilical vesicle ; e. embryo ; hh, pericardial cavity ; «, non-embryomc 
endoderm ; Kh, cavity of blastodermic vesicle ; K$, head-fold of amnion ; m^ embryonic meso- 
derm; m^ non-embryonic mesoderm; r, 'space between chorion and amnion; sh, subzonal 
membrane (chorion) ; ss, tail-fold of amnion ; st, sinus terminalis ; sz, villi of chorion ; v/. ventral 
body wall. (From Foster and Balfour, after KdlHker.) 
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In the account of the development of the Bird it has been referred to as the 
false amnion or serous membrane. The inner layer or true amnion, as in the 
Bird, forms the wall of a cavity — the amniotic cavity {4 and 5, ah ,) — ^which 
becomes tensely filled with fluid (the liquor amnii) over the body of the embryo ; 
this serves the purpose of protecting the delicate embryo from the effects of 
shocks. As in the case of the Bird, the folds giving rise to the amnion and 



Fig. 649. — Babbit embryo and blastodennic vesicle at the end of the tenth day. The 
embryo is represented in surface view from the right side, the course of the alimentary canal 
being indicated by the broad dotted line ; the blastodermic vesicle is shown in median longitudina ; 
section. The great part of the tail has been removed. A N', pro-amnion ; A X, cavity of amnion . 
C, extra-embryonic portion of coelome; E, ectoderm; E', thickened ectoderm by which the 
vesicle is attached to the uterus and from which the foetal part of the placental is derived ; EL 
auditory vesicle; EK, ectodermal villi; GE, fore-gut; GH, hind-gut; GT. mid-gut; H, endo- 
derm; 0 , extra-embryonic coelome; OL. lens of eye; R, heart; SI. sinus-terminalis ; TA. 
allantoic cavity ; YS. yolk-sac. (From Marshall, in part after Van Beneden and Julin.) 


serous membrane may consist from the first (except the . head-fold, which, 
being formed firom the pro-amnion, consists solely of ectoderm and endoderm) 
of somatic mesoderm as well as ectoderm (trophoblast : or mesoderm may 
extend into thtem latar), so that, either from the first, or as a result of outgrowth 
which takes place subsequently, the chorion contains mesoderm as well as 
ectoderm. The ectodermal cells — ^trophoblast cdls — of the choroin may enter 
into dose relationship with the mucous membrane of the wall of the uterus, 
and send out processes or priory vUli (Fig. 649, EK) by means of whicii 
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the ovum becomes intimately attached, and by means of which perhaps 
nourishment is absorbed. 

In certain mammals the history of the amnion is very different from that 
above described. In the Hedgehog (Fig. 650), for example, a cavity appears 
in the ectoderm of the embryonic area ; this is destined to give rise to the cavity 



Fig. 650. — A — C, diagram illustrating the formation of the amnion and trophoblast in the 
Hedgehog. Only the ectoderm is represented. A, early stage in which the amniotic cavity has 
appeared, roofed over by chorionic ectoderm ; J 5 , later stage in which the amniotic ectoderm is 
growing up below the chorionic from the edges of the ectodermal floor ; C, stage in which the 
amniotic ectoderm completely roofs over the cavity. (After Hubrecht.) 

of the amnion. The ectoderm, which forms its roof, is entirely trophoblastic 
or chorionic ; that which forms its floor is partly destined to become amniotic 
ectoderm, partly embryonal ectoderm. After the mesoderm has begun to 
become differentiated, the margins of the amniotic part of this ectodermal 
floor (J5) begin to grow upwards, giving rise to a layer which extends over the 



■piG 651. Diagram illustrating the mode of formation of the amnion in various Mammals 

A commencing formation of the amnion in Mus, Arvicola, etc. The asterisk marks what 
corresponds to the portion of the trophoblast overlying the embryo in Fig. 650, C, B. mode of 
formation of the amnion in many Mammals. The portion of the trophoblast indicated by the 
asterisk in A disappears before the amniotic folds make their appearance. (After Hubrecht.) 

roof on the inner side of the chorionic ectoderm and eventually (C) forms a 
complete layer— the ectodermal layer of the amnion. 

In the Mole {Talpa) spaces appear in the layer of ectoderm of the embryonal 
area, and these subsequently coalesce to form a single cavity— the primitive 
amniotic cavity, but this has only a temporary existence, the amnion arising 
later by the formation of a series of folds. In Mus, Arvicola, and others (Fig. 
651, A), the amnion is developed from a series of folds of the ectoderm which 
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arise beneath the trophoblast. In other Mammals {B) the amnion arises in the 
manner already described, and the portion of the trophoblast immediately 
overl3dng the embryonic part of the ectoderm eventually disappears. 

The allantois has, in all essential respects, the same mode of development 
as in the Bird, arising in most cases as a hollow outgrowth from the hinder part 
of the alimentary canal; this, growing out into the space (extra-embryonic 
coelome) between the chorion and the amnion, becomes in all the Eutheria 
applied to the former, and unites with it to contribute towards the formation 
of the placenta. But in some cases the allantois does not at first contain a 
cavity, and in some (Primates) the severance between the amnion and the 
chorion is not completed, and the allantois arises from the outset in continuity 
with the latter. Sometimes, as in the Rabbit (Fig. 649), the union between 
the allantois {TA) and the chorion is limited to a comparatively small part of 
the extent of the latter, but in most instances the allantois spreads over the 
entire inner surface of the chorion, and becomes united with it throughout its 
entire extent (Fig. 647). Villi, into which mesoderm with blood-vessels 
penetrates, grow out from the surface of the chorion and are received into 
depressions or crypts in the mucous membrane of the uterus, which becomes 
profoundly modified. The villi branch and enter into intimate union with the 
uterine mucous membrane, so that a close connection becomes established 
between the vascular system of the foetus and that of the parent. 

The term placenta is applied to the entire structure by means of which this 
connection is brought about ; the parts derived from the embryo are termed the 
foetal placet)^, those developed from the wall of the uterus the maternal placenta. 
In some mammals the union between the two is not very close, so that at birth 
no part of the uterine mucous membrane is thrown off ; such a placenta is said 
to be non-deciduate {semi-placenta). In other mammals the union is closer, and 
at birth a part of the hypertrophied mucous membrane is thrown off in the 
form of a decidua ; such a placenta is termed deciduate (placenta vera). In 
the Mole and the Bandicoot not only is there no decidua thrown off, but the 
fcetal placenta with the distal portion of the allantois does not pass out after 
the foetus, but remains, and is broken up or absorbed in the uterus. Such a 
condition has been termed contra-deciduate. 

In one of the simplest forms of placenta — the discoidal — ^found in the 
Rabbit and other Rodents (Fig. 649), the yolk-sac extends over the surface 
of the chorion and becomes fused with it, except in a smedl area on the dorsal 
side of the embryo. In this small area the allantois is applied to the chorion 
and coalesces with it, and from the membrane so formed vascular villi grow out, 
and are received into the uterine crypts. In most mammals, however, as 
already stated, the allantois becomes applied to the chorion throughout its 
entire extent, and thus completely encloses the embryo. Villi may be developed 
from aU parts except the poles : when this condition persists in the fully- 
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formed placenta, the term diffuse is applied. Sometimes the diffuse condition 
is temporary, and the completed placenta has villi disposed in a broad band or 
zone (zonaty placenta). Sometimes the villi are group)ed together in patches 
or cotyledons [cotyledonary placenta). In Man and the Apes the villi become 
secondarily restricted to a disc-shaped area of the chorion situated on the 
ventral side of the embryo [meta-discoidal placenta). 

In many Mammals the yolk-sac, through the medium of the chorion, enters 
into a close relationship with the uterine wall, and a connection, the so-called 
yolk-sac placenta, is established through which nourishment can be conveyed to 
the embryo ; but this rarely persists after the true (allantoic) placenta has 
become established. 

The stalk of the yolk-sac, with the corresponding narrowed part of the allan- 
tois and the vessels which it contains, forms the 
umbilical cord by which the foetus is connected at the 
umbilicus with the yolk-sac and placenta. This is 
enclosed in a sheath formed by the ventral portion of 
the amnion. The part of the allantois which remains 
within the cavity of the body develops into the urinary 
bladder, together with a cord — the urachus — con- 
necting the bladder with the umbilicus. 

In the Marsupials the ovum is comparatively large. 

After fertilisation it becomes enclosed in a thick shell- 
membrane with a layer of albumen. The first cleavage 
of the ovum [Didelphys), or the fourth [Dasyurus), 
involves a separation of the embryo-forming part of 
its substance from that destined to give rise only 
to the trophoblastic ectoderm. Further divisions take place in such a 
way as to give rise, not to a solid morula as in the Eutheria, but to a hollow 
blastodermic vesicle with a wall composed of a single layer, the cells on 
one side of which form the embryonic area. An allantoic placenta is not 
developed except in Perameles. The intra-uterine development of the foetus 
is abbreviated, and birth takes place when the young animal is still relatively 
very small and has many of the parts incompletely formed. In this helpless 
condition the young Marsupial is placed by the mother in the marsupium, 
where it remains for a time as a mammary fcetus (Fig. 652), hanging passively 
to the teat, to which the mouth becomes firmly adherent . The milk is expressed 
from the mammary gland by the contraction of a muscle, the cremaster, and 
p asses down the gullet of the foetus, which is enabled to breathe unobstructedly 
through the nostrils by the establishment of a continuous passage from the 
Tiagal cavities to the lar3mx, as already described (p. 671). 

In all the Marsupials, so far as known, the embryo is covered over, except 
in h limited area, by the compressed and expanded yolk-sac. In the majority 



Fig. 652. < — Mammary 
foetus of Kangaroo at- 
tached to the teat. 
(Natural size.) 
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(Fig. 653) the allantois (all.) is small, and is completely enclosed with the 
embryo in the yolk-sac. In the Koala, however (Fig. 654), it stands out and 
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Fig. 653. — Diagram of the em- 
bryo and fcetal membranes of Hyp- 
sipiymniiB nifesoens. all* allantoic 
caVity ; amn. amnion ; amn, c, cavity 
of amnion ; coeX, extra-embryonic 
coelome ; str. serous membrane 
(chorion) ; yk, s. yolk-sac. (After 
Semon.) 







Fig. 654. — Diagram of the 
embryo and fcetal membranes 
of Phascolarctos cinerens. 
Letters as in Fig. 653. (After 
Semon.) 




Fig. 655. — ^Diagram of the embryo 
and placenta of Peiameles obesula. Let- 
ters as in Fig. 653. In addition, aU. s. 
allantoic stalk ; mes. mesenchyme of outer 
surface of allantois fused with mesenchyme 
of serous membrane ; 5. t, sinus terminalis ; 
uL uterine wall. (After J. P. Hill.) 



'i- 



Fig. 656. — A, blastula stage of 
one of the Theda. B, transition 
stage between the morula and 
blastula in a Monotreme. Both 
represented in diagrammatic section. 
(After Semon.) 


becomes closely applied to the serous membrane over the small area not covered 
by the yolk-sac; but no vascular villi are developed. In the Native Cat 
(Dasyunts) there is a well-developed yolk-sac placenta. Only in the Bandi- 
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coots (Fig. 655), so far as known, is the outgrowth of the allantois to the chorion 
followed by the establishment of an intimate relationship between the chorion 
and the uterine wall, with the formation of interlocking ridges and depressions, 
the whole constituting a placenta of the same essential character as that of the 
Eutheria, though devoid of actual villi. 

The Prototheria, unlike all the rest of the Mammalia, are oviparous. In 
Tachyglossus only a single egg, as a general rule, is laid in a season. This is 
placed in a temporary marsupium, formed as already described (p. 636) in the 
mammary region of the ventral surface. The young animal soon emerges from 
the egg, and remains enclosed in the marsupium till it reaches an advanced 
stage of development. Omithorhynchus develops no marsupium, and the two 
eggs which it produces are deposited in its burrow. In Tachyglossus the egg- 
shell is composed of keratin ; in Omithorhynchus it contains carbonate of 
lime. The ova of the Prototheria (Fig. 656) are very much larger than those 
of other Mammals, their greater dimensions being due to the presence of a large 
proportion of food-yolk. The segmentation, unlike that of all the Theria, is 
meroblastic, and the blastoderm eventually forms a complete investment of 
two layers, to the yolk. An embryonic area is differentiated at one pole, and 
on it appears a primitive streak with a primitive knot and head-process. 
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A 

Aard Varks — See Orycteropus 
Aard Wolf — See Proteles 
Abdomen, Graniata, 68* : 
Lepus cuniculus, 501 : Sedmo 
fario, 247 

Abdominal air-sac, Aves, 445 : 

Columba livia, 444 
Abdominal cavity, Aves, 445 : 
Craniata. 68 

Abdominal pores, Chondrich- 
thyea, 199 : Craniata, 61, 62 : 
Dog-fish, 178 : Ganoids, 282 : 
Phsrsostomi, 282 : Proto- 
pterus, 305 

Abdominal ribs, Alligator, 409 : 
Crocodilia, 402 : Crocodilus, 
999 : Monitors, 402 
Abdominal vein — See Epi- 
gastric vein 

Abducent nerve, Craniata, 102, 
104* : Dog-fish, 190 : Petro- 
myzon, 142: Skate, 115 
Abducent nerve foramen. Dog- 
fish, 181 

Abductor muscles, Rana, 316 
Aberrant commissure, lacerta, 

371 

Abomasum, Mammalia, 666 : 
Pecora, 667 

Acanthaspidomorphi, 159 

Acanthaspis, 160 
Acanthodes, 156, 157, 159 
Acanthodes bronni, 156 
Acanthodes concinnus, 158 
AcanthodidtB, 159 
Acanthodii, 73» 152, i54~i59 
Acanthopter^, 226, 261 
Accessory scapula, AvM, 475 
Accessory tarsal, Ornithorhyn- 
chus, 527 

Aoeipitrei» 4^1 ^ , 

Accommodation, visual, Salmo 
fario, 252 
Acenirophorus, 235 
Acetabulum, Alligator, 409 : 
Apt$ryx australis, 476 : 
Columba livia, 482, 438 : 
Croeodilia, 410 ♦ Dasypus 
sexcinctus, 681 S Halmaturus 
ucUabatus, 688 : Lacerta, 


864: Lepus cuniculus, 498, 

499 • Prototheria, 530 : 
Rana, 809, 814, 315 : Sala- 
mandra, 346 : Tetrapod, 
80, 81* : TJrodela, 347 
Acipenser, 86, 223, 227, 230, 
2i31, 262, 267, 272, 276, 277, 
283, 284 

A cipenser ruthenus, 230 
Acoustico-lateral centre. Dog- 
fish, 194 

Acoustico-lateral nerve system, 
Craniata, 103, 107* 

Acrania, 39*-6o 
Acreodi, 577 

Acrobates, 533 

Acrocoracoid, Apteryx man- 
telli, 475 : Carinata, 474 : 
Columba livia, 482 : Ratitce, 
474 

Acrocoracoid process, Columba 
livia, 437 

Acrodont teeth, 410 
Acromion process. Apteryx 
mantelli, 475 : Brady pus 

tridactylus, 623 ; CarinatcB, 
474 : Carnivora, 579 : Ceta- 
cea, 586 : Columba livia, 
437 : Dasypus sexcinctus, 

6^: Halmaturus ualabaius, 
588 : Lepus cuniculus, 497 : 
Ma.niina.lift , 643 : Phoccena 
communis, 585 : Pinnipedia, 
581 : Primates, 563 : Proto- 
theria, 529 : Ratitce, 474 : 
Xenarthra, 626 
Actmistia, 152 , 287-289 
Aotinopterygii, 78, 79. 223-284 
Actinotfocha, 12 
Adapidce, 556 
Adaptation, Teleostei, 262 
Adaptive radiation, Teleostei, 
262. 266 

Ad-digital remex, Columba 
livia, 426, 431 

Adductor muscles, Rana, 316, 

817 

Adelochorda — See Hemichorda 
Adelospondylia, 333 

Adelospondylous vertebra, 887 
Adhesive papillas, Ascidia, 88 : 
Ascidian, 32*, 84 
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Adipose body, / acerta, 867, 
370 : Rana, 318, 828, 329 
Adipose fin, Rita buchanani, 
259 : Salmo fario, 236, 238 
Adrenal body, Columba livia, 
443 > 452 : Craniata, 122* : 
ErinaceidiB, 678 : Lepus cuni- 
culus, 515 : Rana, 327 
iEgithognathous palate, Aves, 
472* 

i&luroidea, 575 

ASluropus melanoleucus, 575 
JElurus fulgens, 575 
Mpyornis, 458, 485 
iEpyomithiformes, 45^ 
JEtosauridcB, 387 
Afferent branchial arteries, 
Amphibia, 349 • Ampkioxus, 
46, 47 : Dog-fish. 187, 188 : 
Epiceratodus forsteri, 299 : 
Fishes, 88*. 89, 90 : Salam- 
andra, 348 

Afferent renal vein, Columba 
livia, 447 

Afferent spiracular artery. Dog- 
fish, Its 

Affinities — See Classification 
African Elephant — See Loxo- 
donta africana 

African Elephant Shrews — See 
MacroscelidcB 

After-shaft, Aves, 428 : Casu- 
arius, 468 
Agamido, 423 
Agnatha, 125-151 
Agorophoridce, 584 
An-bladder, Actinistia, 288 : 
Amia, 278 : Fishes, 88* : 
Ganoids, 278 : Ginglymodi, 
233 : Lepidosieus, 278 : 

Physostomi, 278 : Poly- 
pterus, 278 : Pseudophycis 
backus, 279 : Salmo fario, 
248, 249 : Teleostei, 278 
Air-sac, Apteryx, 478 : Aves, 
445 : Columba livia, 444 
Air-sinuses, Mammalia, 671 
Air-space of egg, Callus bankiva, 
480, 4®2 

Ala spuria, Columba livia, 426, 

431 

Alar, Craniata, 98 
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Alar membrane — See Pirepa- 
tagium 

Alar pteryla, Columha livia^ 
481 : Gypaitus, 467 
Albatross — See Diomedea 
Albula, 280 

Albumen, Aves, 479 : Columha 
livia, 452 : Gallus bankiva, 
480 

A lea — See Penguinus 
Alcedinida, 462 
Alcida, 461 

Alimentary canal, Ascidia, 88 : 
Chondrichthyes, 205 : Dog> 
fish, 184 : Bnteropneusta, 
5 : Lacerta, 867 : Lepus, 
686 : Fterobrandiia, 8 : Ply- 
chodera bahamensis, 5 : 
Teleo 8 tei» 276 

Alimentary cavity, Chondiich- 
thyes, 210 

Alisphenoid, Apteryx mantelli, 
472 : Aves, 436 : Bony 
skull, 76 : Canis familiaris, 
678 : Columba livia, 484< 
435 • Cianiata, 76* : Cioco- 
di]ia« 4^1 • Dasyurus, 689 : 
Glohiocephalus, 682 : Homo, 
661 : Lepus cuniculus, 492, 
493* 496 : Mammalia, 689, 

641 : Manatus senegalensis, 

612 : Metatheria, 53 ^ * 

mecophaga, 627, 6 ^ : Petro- 
gale penicillata, 640 : Ptilo- 
cercus lowii, 648 : Salmo 
jario, 242, 944 

Alisphenoid canal, Ptilocercus 
lowii, 648 

Alisphenoid region, Salamandra 
atra, 3 iS 

Allantoic arteries, Oraniata, 98 
Allantoic bladder, Cianiata, 67, 
r2i* : Pana, 328 
Allantoic cavity, Hypsiprym- 
nus rufescens, 690 : Lepus, 
686 : Perameles obesula, 

691 : Phascolarctos cinereus, 
690 

Allantoic stalk, Perameles obe- 
sula, 691 

Allantois, Avas, 483, 484 : 
Gallus bankiva, 481, 482: 
Lepus cuniculus, 616, 517 : 
Mammalia, 684, 688 : Meta- 
theria, 690 

All^ator, 392, 409, 411, 415* 

AUotheria, 51 7» 518, 519-521 
Anotriognathi, 261 
Alopias, 176 
Alouatta, 559 
Alpaca — See Auchenia 
AUicamelus, 601 
Alveoli, Lepus cuniculus, 509 
Alveolus, bone of, MammaUa, 
651 

Alveus, MammiUia, 672 


Alytes, 354 

Alytes obstetricans, 352 
Amarcedum, 21* 

Ambiens muscle, Columba 
livia, 441 

Amblotherium, 523 
Amblypoda, 51s* 5^8 
Ambly stoma, 848, 846 
Amblystoma tigrinum, 353, 864 
American Badger — See Taxidea 
americana 

American Brook Trout — See 
Salvelinus fontalis 
American Star-gazer — See 
A stroscopus 

American Vultures — See Ca- 
thartes 

Amia, 223, 227, 968, 271, 273, 
276, 278, 981, 288, 284 
A mia calva, 108,286 
Amiidce, 235 
Ammocoetes, 147 
Amnion, Alligaior, 417 : Arvi- 
cola, 687 : Aves, 483, 484 : 
tlrinaceidcB, 687 : Gallus ban- 
kiua, 481, 482 : Hypsi- 

prymnus rufescens, 690 : 
Lepus cuniculus, 616, 517 : 
Mammalia, 683, 684, 686, 
687 : Mus, 687 : Pera- 
meles obesula, 691 : Phasco^ 
larctos cinereus, 690 : T aipa, 
687 

Amniotic cavity, Erinaceidee, 
687 : Hypsiprymnus rufe- 
scens, 690 : Lepus, 686 : 

Mammalia, 684, 686 : Phas- 
colarctos cinereus, 690 
Amniotic fluid, Aves, 483 : 
Mammalia, 686 

Amniotic fold, Aves, 483, 484 : 
Lepus, 688 

Ampbibia^ 87, 306-355 
AmphiMoidei— See Choanich- 
tbyes 

Amphibolurus, 416, 420 
Amphicoelous centra, Obon- 
diicbtbyes, 199 : Reptilia, 
398 : Sphenodon, 898 
Amphicone of molar. Mam* 
malia, 657 
Amphilestes, 521 
Amphioxides, 40*, 56, 59 
Amphioxididee, 40* 

AMPSioxua usoEOLATca, 4o*-6o 
Amphipnous, 277 
Amphisbaenians, 388, 397, 419, 

A^histylic jaw-suspension, 
dttoiidncbibyes, 201 : Osani* 
ata, 74* *• Plemiopterygii, 173 
Amphithmum, 622, 523 
Amphiuma, 3^9 
Amphiuma tridactyla, 840 
Ampullae, OluiiidxiraQiyei, 206 : 
Columba livia, 461 1 
ala, 1 x 6 ^ 119: Dog-fleh, 


195 : Lacerta, 878 : Myxine, 

160 

AmpuUary canals, Obondricb* 
tbyes, 206 : Dog-flsh, 195* 
Amynodontida, 596 
Anabas, 266, 278 
Andbas scandens, 277 
Anahleps teirophthalmus, 266, 
267 

Anacantbini, 261, 265, 271 
Anal fln, Obondriebtbyes, 198 

Dog-fish, 178: Hemiscy Ilium'. 
178 

Anal respiration, Callichthys, 
278 

Anapophyses, Lepus cuniculus, 
490 

Anamida, 375. 876, 377. 4*4 

AnaptomoYphidcB, 556, 557 
Anaptomorphus, 557 
Anartbrodira — See Fetalicb* 

tbyida 
Anas, 461 
Anas boschas, 478 
Anaspida, 125* x26, 130-1 
Ancestry — See Distribution, 

geological 
Anchilophus, 593 
Anchinia, 20* 

Anchippodus, 616 
Anchitherium, 593, 594 
Anchovy, 258 
Ancodonta, 600 

Ancylopoda—Sec Cbalico* 
tberoidea 

Angel-Fish — See Squatina 
Angle-Fish, 261 

Angler-Fishes — See Pedioulati, 
Lophius 
Anguida, 423 
Anguis, 394, 398, 416 
Angular, Apteryx mantelli, 472 : 
Aves, 4w : Columba livia, 
484, 436 : Cynognathus, 888 : 
Dimetrodon, : Diplo- 
pterax trailli, 287 : Hetero- 
steus, 168 : Holoptychius 
flemingi, Lacerta, 860, 
361, 362 : Osteoids macro- 
lepidotus, 286 : Protopterus, 
806 : Salmo fario, 243, 944 : 
Scymnosuchus, 888 : Tropt- 
donotus nairix, 408 
Angular process, Lacerta, 362 : 

Lepus cuniculus, 496 
Angulo-articular, Leptolepis 
bronni, 967 

Angulo-splenial, Pana, 312 
Ankylosis, Salmo fario, 239 
Annulus ovalis, Lepus cuni- 
culus, 505 : Mammalia, 670, 
Annulus tympanicus — See 
Tympanic ring 
Anomaiurida, 620' 
Axmmahizoidea, 621 
Anomedurus, 02 r, 635 
Afiomodemtia, 380 
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Anoploiheriidis, 600 
Ansev, 461 
Anseies, 461 
Anseriformes, 461 
Anteaters — See Cycloturus, 
Mams, Myrmecophaga, Myr- 
mecophagida, Pholidota, 
Tachyglossus, Tamandua 
Antechinomys, 532 
Antelopes — See Bovoidea 
Anterior basal, A canthodes, 
156, 157 

Anterior lateral plate, Hetero- 
steus, 163 : Pteraspis ro- 
strata, 12^ 

Anterior median palatine, 
Palaospondylus gunni, 171 
Anterior ossicles, A canthodes, 

156 

Anterior vacuity, Epipetalich- 
thys wildungensis, 166 : 
MacropetcUichthys vapheido- 
labis, 167 

Anterior vertebral plate, Chon- 
drichtliyes, 200 

Antero-dorso-lateral plate, 
Gemuendina sturtzi, 170 : 
Heterosteus, 168 : Pterich- 
thyodes, 164 

Antero-lateral plate, Gemuen- 
dina sturtzi, 170 ; Homo- 
steus milleri, 162 
Antero-ventro-lateral plate, 
PUrichthyodes, 164 
Anthracotheriidee, 600 
Anthracotherium ingens, 600 
Anthropoidea. 555. 559 , 560 
Anthropomorpha — See Simiidcs 
Anthropopithecus — See Pan 
Antiarchi, 125, 152, 154, 162- 
165 

Antilocaprida, 603 
Antitrochanter, Columba livia, 

432,488 

Antlers, Pecoia, 691 
Antorbital, Cheirolepis, 228 : 
Chondrosteus acipenseroides, 

231 : Coccocephalus wildi, 

232 : Pataoniscus macro- 
pomus, 2ISS1 

• Antorbital cartilage. Chon- 
^chihyoi, 203 

Antorbital process, Acipenser, 
272: Proteus anguinus, 344 ; 
Salamandra atra, 345 
Antorbital vacuity, Cmlogenys 
paca, 612 : Pedetes caffir, 
619 : Thryonomys swinder- 
anus, 619 

Antra — See Maxillary antra 
AlU^ 333*» 341. 342. 343» 
344, 346. 347. 348. 349. 351. 
352.353.354.355 ^ 

Anus, Amphioxus, 41, 42*. 44, 
56 : Appendicularia, 22 : 
Asddia, 14, 16 : Ascidia 
composita, 23 : Awh 484 : 


Cephalodiscus, 11 : Columba 
livia, 426, 427 : Craniata, 61, 
O2, 67 : Gadus morrhua, ^0 ; 
Callus bankiva, 481 : Lepi- 
dosteus, 278 : Lepus cuni- 
culus, 514 : Necturus macu- 
latus,2SA : Petromyzon, 135, 
144 : Petromyzon marinus, 
144: Polypterus bichir, 232 : 
Rana, 818 : Rhabdopleura, 
12 : Salmo fario, 236, 237, 
248 : Teleostei, 276 : Tor- 
naria, 7 
Anwiella, 35 

Aorta, Lepus cuniculus, 604, 
5^5*. 50b : Macropetali- 

chihys rapheidolabis, 167 — 
See also : Dorsal aorta. 
Ventral aorta 

Aortic arch. Amphibia, 349 *. 
Columba livia, 442, 4^, 447, 
448 : Craniata, 98* : Croco- 
dilus, 414 : Lacerta, 367, 413 : 
Mammalia, 670 : Tadpole, 
321 : Turtle, 418 
Aortic canal, Acipenser, 281 
Aortic root, Lacerta muralis, 
418 

Apaiornis, 456 

Aphetohyoidea, 152, i54*-i72 
Apical plate, Tornaria, 8* 
Aplodoniia, 620 

Aplodontoidea, 620 
Apoda, 333 

Apodes, 258 

Aponeurosis, pulmonary — See 
Pleura 

Appendicularia, 19*, 22, 26, 
27. 28, 38, 39 
A ppendiculariidce, 1 9* 
Appendix — See Vermiform ap- 
pendix 

Aptenodytes, 460 
Apteria, Columba livia, 426, 
430, 431 

Apterygilonnes, 457 
Apteryx, 466, 471. 475. 47®. 
485 

Apteryx australis, 457, 468, 476 
Apteryx mantelli, 472, 478, 475 
Apteryx oweni, 477 
Aptornis, 470, 474 
Aqueductus Sylvii — See Iter 
Aqueductus vestibuli — See En- 
dolymphatic duct' 

Aqueous chamber of eye, 

Craniata, 113''' 

Aqueous humour of eye, Crani- 
ata, 113* 

Aquila, 461 
Ara, 462, 474 

Arachnoid membrane, Crani- 
ata, loi* 

Aracoscelis, 876 
Arapaima gigas, 258 
Arbor vitae, Lepus cuniculus, 
512, 513 


Arohssoceti, 583 

Archesohippus, 593, 594 
Archmopterygiformea, 454 

ArchcBopteryx lifhographicu, 
454. 463. 466 

Archeeornis siemensi, 454, 463, 

464 

Archaeomithea, 454. 4^3 *-’485 

Archelon, 425 

Archenteron, Amphioxus, 53, 

54 : Chondrichthyea, 209 : 

iMcerta, 418 : Pristiurus, 
209 : Rana, 329 : Beptilia, 
419 

Archipallial commissure — See 
Olfactory commissure 
Archipterygium, Ichthyotomi, 

174 

Archoaauna, 389 

Arctocebus, 557 
ArciocyonidcB, 576 

Arctooyonoidea, 57b 
Arctoidea, 575 

ArctostylopidcB, 571 
Ardea, 461, 467 
Area opaca. Alligator, 417 : 
Avea, 480 : Callus bankiva, 
480 : Lepus, 688 : Beptilia, 
418 

Area pellucida. Alligator, 417 : 
Avea, 480 : Callus bankiva, 
480 : Lepus, 683 : Beptilia, 

417 

Area vasculosa, Avea, 483 : 
Callus bankiva, 482 : Blam- 
malia, 683, 684 

Argentea, Salmo fario, 251, 262 
Argentines, 258 
Armadillos — See Dasypodidee, 
Dasypus sexcinctus 
Arsinoitherium, 615 
Arterial system — See Vascular 
system 

Arthrodira, 152, 154. 159-^62 
Articular, Acipenser, 272: 
Avea, 485 : Bony skull, 75 : 
Columba livia, 484, 436 : 
Craniata, 78* : Cynognathus, 
383 : Dimetrodon, 383 : 

Lacerta, 361, 362 : Salmo 
fario, 241, 243, 244 : Scymno- 
suchus, 383 : Tropidonotus 
natrix, 403 

Articulating process. Ganoid 
scale, 65 

Artiodactyla, 518, 587-588, 

599-603, 649, 661 
Arvicola, 687 

Arytenoid cartilages, Cetacea, 
671 : Columba livia, 443 : 
Lacerta, 370 : Lepus cuni- 
culus, 508 : Beptiim, 412 
Aboidia, 13''‘-19, 21 
Ascidia mammillata, 33 
Aaddiaeea (Ascidians), 13, 20*, 

21-39 

Ascidia composita,^, 21 *, 23 
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Ascidia simpUces, 20'*', 21, 27, 
28 

Ascidiidce, 21* 

Asexual stage^ i : Doliolum, 

86*, a? 

AspidorhynchidtB, 235 
Aspredo, 283 

Astericus, Salmo far io, 252 
Asterolepidee, 163 
Asterolepis, 165 
Asterosteida, 167 
Asterosteus, 167 

Astragalar foramen, Mam- 
maUay 646 : Tritemnodon 
agilis, 644 

Astragalo-scaphoid, C rocodilus, 
410 

Astragalus, Artiodactyla, 649 : 

Bradypus tridactylus, 630 : 
Carnivora, 649 : Cervus ela- 
phus, 647 : Columba livia, 
439 : Condylarthra, ^ 9 , 566 : 
Crocodilus, 410 : Dasypus 
sexcinctus, 631 : Equus, 649: 
Equus cahallus^ 64o : Gorilla, 
565 : Halmaturus ualahatus, 
538 : Hippopotamus, 649 : 
Homo, 565 : Insect! vora, 649 : 
Lepus cuniculus, 500 : Ma- 
cropus, 541 : Mammalia, 
646, 647, 649 : Mesonyx, 
646 : Myrax, 649 : Orni- 
thorhynchus, 527 : Phalan- 
ger, 540 : Ponge, 565 : Prim- 
ates, 649 : Prototheria, 530 • 
Rana, 309, 316: Rhinoceros, 
649 : Bodentia, 649 : Sus 
scrofa, 648 : Tetrapod, 80 : 
Tritemnodon agilis, 644 
Astrapotheiia, 572 

AstrapotheriidcB, 572 

Astrapotheriodea, 572 

Astrapotherium magnum, 572 
Astroscopus, 262, 275 
Ateleaspis, 129 
A teles, 559 

Atlas, Balcena mysticetus, 583 : 
Cainivora, 577 • Columba 
livia, 432 : Crocodilus, 400 : 
Homo, 675 : Kangaroo, 
536 : Lacerta, 358, 359: 

Lepus cuniculus, 41 ^ : Blam- 
malia, 637 : Metatheria, 536 ^ 
Ornithorhynchus, 527 : Pri- 
mates, 560 : Sphenodon, 
399 

Atomis, 461 

Atrial, aperture, Ascidia, 13*, 

14, 33: Doliolum, 24, 35, 

36 : Pyrosoma, 26* : Salpa, 

37 : Salpa democratica, 24 
Atrial canms, Laryacea, 21* 
Atrial cavity, Ascidia, 13*, 14*, 

15, 16, 17, 19 : Ascidian 
larva, 34 : Doliolum, 24 : 
S<dpa, ^ 

Atrial cavity wall, Saipa, 27 


Atrial lobes, Salpa democratica, 
24* 

Atrial siphon : Ascidia, 14*, 16 
Atrioporc, Amphioxus, 41, 42*, 
44 , 45 . 67 

Atrium, A mphioxus, 41, 44, 
45 *» 46, 57, 58 : Ascidia 
compositcB, 23 : Dog-fish, 
185, 186, 187, 188: Epi- 
ceratodus forsteri, 298, 299 : 
fishes, 88*, 89, 90 : Peiro- 
myzon, 140 : Petromyzon 
marinus, 139 : Salmo fario, 
248, 249 
Auchenia, 601 

Auditory aperture, Columba 
livia, 426, 4^7 • Craniata, 
62 : Callus bankiva, 481 
Auditory bulla — See Bulla 
Auditory capsule, Acipenser, 
272 : Cartilaginous skull, 
72 : Columba livia, 435 : 
Craniata, 71* : Dog-lisli, 
193 : Lacerta, 360 : Myxine 
glutinosa, 150 ; Palaospon- 
dylus gunni, 1 72 : Petro- 
myzon, 137* : Petromyzon 
marinus, 185, 136 : Proto- 
pierus, 305 : Pseudopkycis 
backus, 279 : Rana, 310, 
811 : Salamandra atra, 345 : 
Salmo fario, 240, 242 : Salmo 
salat, ^5 : Tadpole, 313 
Auditory epithelium, Craniata, 
117 

Auditory hairs, Craniata, 117 
Auditory meatus — See Ex- 
ternal auditory meatus 
Auditory nerve, Callorhyn- 
chus antarcticus, 221 : Cn^- 
ata, 102, 105* : Dog-fish, 190, 
193 : Epiceratodus forsteri, 
300 ; Homo, 676 : Lacerta, 
373 : Petromyzon, 142 : Petto- 
myzon marinus, 141 : Rana, 
327 : Salmo fario, 252 
Auditory nerve foramen, Crani- 
ata, 72* : Lepus cuniculus, 
495 

Auditory organs — See Ear 
Auditory ossicles. Carnivora, 
577 : Craniata, 118* : Homo, 
676 : Lepus cuniculus, 497 : 
Mammalia, 57^ * Tacky- 
glossus aculeatus, 51216 
Auditory pinna, Mammulia, 
^75 

Audito^ region, (hraniata, 71* : 
Dog-nsh, 1 81 

Auditory sac, Petromyzon, 

Auditoiy vesicle, Lepus, 686 
Auks — See AloidcB, Penguinus 
Auricle, Columba livia, 44^ 

446, 447 : Onmiala, 67, 93 * : 

Crocodilus, 414 : Lacerta, 
366, 367, M9, 413 : Lepus 


cuniculm, 504, 505. 507 : 
Mammalia, 670 : Rana, 318, 
320, 321, 822, 324 : Sala- 
mandra, 348 : Turtle, 413 
Auricular appendix, Lepus 
cuniculus, 505 : MafttmaHa , 
670 

Auriculo-ventricular aperture, 
Lacerta, 366 

Auriculo - ventricular valve, 
Aves, 446 : Lacerta, 366 : 
Rana, 320 : Turtle, 413 
Autodiastyhc jaw suspension, 
Craniata, 73*. 74* 

Autonomic system, Craniata, 
97 * 

Autostylic jaw suspension, 

Craniata, 74 * ^ Dipneusti, 

290 

Autosystylic jaw suspension, 

Craniata, 74 * ** Dipneusti, 

292 

Aves, 425-486, 576 

Aves altrices, 485 

Aves nidicolcB, 485 

Aves nidifugcB, 485 

Aves prcecoces, 485 

Axial skeleton, Petromyzon, 

135* 

Axillary air-sac, Columba livia, 
444 

Axis, Carnivora, 577 ’ Columba 
livia, 432 : Crocodilus, 400 : 
Homo, 675 : InsecUvora, 
547 : Lacerta, 358, 859 : 
Lepus cuniculus, 489 : Mam- 
malia, 637 : Ornithorhyn- 
chus, 527 : Sphenodon, 399 
Axolotl — See Amhly stoma 
Azygos veins. Amphibia, 349 : 
Lacerta, 367 : Lepus cuni- 
culus, 506, 507, 508 : Sala- 
mandra maculosa, 350 


B 

Baboons — See Papio 
Badger — See Taxidea ameri- 
cana, Meles taxus 
Balcena mysticetus, 5 S 6 t 584 
Balceniceps, 461 
Baleenoptera, 584, 664 
Balanoptera musculus, 586 
Balmnoptera rostrata, 663 
Balanopterida, 584 
Balanoglossus, 2, 3, 4 . 6, 39 
Baleen-plates, Baleenoptera, 684 
Baluchiikerium, 596 
Bandicoot — See Perameles, 
Peramelida 
Baptornis, 435 

Barbeir, Rita bucHanani, 25$ 
Barbel, Acipenser, ^67 : 
Adpenser ruthenus, 286 : 
Dog-fish, 178 , 185: Gadus 
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morrhua, 267 : Haddock, 
267 ; Teleostei, 267 
Barbet — See Cepitonidce 
Barbs of feather, 429 : 
Casuarius, 468 : Columba 
livia, 428 

Barbules of feather, 429, 480 : 

Columba livia^ 428 
Barytheria, 518, 615* 
Barytherium, 615 
Basal plate, Craniata, 71*, 72 : 
Petfomyzon, 137'*' : Petro- 
myzon marinus, 136, 139 : 
Salamandra atra, 345 
Basalia, Chondriclithyes, 203 : 
Craniata, 77, 79* : Pleura- 
cantkus decheni, 175 : 
Pleuropterygii, 173 : Poly- 
pterus, 274 

Basibranchial, Acanthodes, 
157 : A cipenser, 272 : Bony 
skull, 75 : Cartilaginous skull, 
72 : Chondrichthyes, 202 : 
Columba livia, 436 : Dog- 
fish, 182, 183, 185 : Palcso- 
spondylus gunni,V 7 \\ Salma 
fario, 244 : Urolophus, 201 
Basibranchiostegal — See IJro- 
hyal 

Basicranial axis, Canis famili- 
avis, 642 : Homo, 642 : 
Mammalia, 64 1 , 642 : Papio, 
642 : Phascolarctos, 642 
Basicranial fontanelle, Pefro- 
myzon, 137* : Peivomyzon 
marinus, 136 : Brodela, 344 
Basidorsal — See Neural plate 
Basifacial axis, Canis famili- 
aris, 642 : Homo, 642 : 
Mftniniftlia- 624 : Papio, 
642 : Phascolarctos, 642 
Basihyal, Bony skull, 75 : 
Cartilaginous skull, 72 : 
Columbia livia, 436 : Crani- 
ata, 73 * Dog-fish, 180. 
182 : Globiocephalus, 582 ; 
Lacerta, 363, 869 ; l.epus 
cuniculus, 497, 502 : Mam- 
malia, 639 : Manatus sene- 
galensis, 612 : Rana, 309 : 
Salmo fario, 241, 243, 244, 
245, 248 

Basilar branch of auditory 
nerve, Lacerta, 373 
Basilar membrane, Lacerta, 

373 

Basilar part of cochlea, Colum- 
ba livia, 451 

Basilosauridce — See Zeuglo- 
doniida 


408 : Felis tigris, 578 : 
Globiocephalus, 582 : Homo, 
561 : Lacerta, 360, 361 : 
Lepus cuniculus, 491, 492, 
493. 495 : Mammalia, 639, 
640 : Manatus senegalensis, 
612 : Myrmecophaga, 628 : 
Orniihorhynchus, 527 : Pet- 
rogale penicillata, 540 : 
Salmo fario, 241, 244, 248 : 
Tropidonotus natrix, 403 : 
Ursus ferox, 679 
Basipterygium. Salmo fario, 
246, 247 

Basipterygoid process. Anas 
boschas, 473 : Apteryx man- 
telli, 473 : Carinata, 472 : 
Columba livia, 436 : Cxyp- 
turi, 472 : Lacerta, 361, 362 : 
Ratitce, 472 

Basis cranii, Acanthodes, 157 : 
Cartilaginous skull, 72 : 
Craniata, 72* : Salmo fario, 
241 

Basisphenoid, Anas boschas, 
473 : Aves, 435 : Bony 
skull, 75 : Chelone mydas, 
406 : Coluptba livia, 435 : 
Craniats^^ 76* : Crotalus, 

403 : / Globicephalus, 582 : 

561 : Jchthyosiega, 
3 S 4 : Lacerta, 360, 361 : 
Lepus cuniculus, 492, 493 , 
495 : Mammalia, 639 : 

Manatus senegalensis, 612 : 
Metatheria, 539 : Ornitho- 
rhynchus, 527 : Petrogale 
penicillata, 540 : Salmo 
fario, 242, 244 : Tropido- 
notus natrix, 403 
Basitemporal, Anas boschas, 
478 : Apteryx mantelli, 473 : 
Ayes, 485 : Columba livia, 
435 

Basiventral, A cipenser ruth- 
enus, 231 

Basking Shark — See Cetorhinus 
Bass, 261 

Bat — See Synotus barbastellus 
Bathyopsis, 569 
Batoidea, 177 
Bauriamorpha, 3^4 
Bdellostoma — See Eptatretus 
Beak, Columba livia, 426, 441 : 
Gar-fish, 262 : Half-beak, 
262 

Beaked Whale, 584 
Bear — See Ur sides, Ursus 
americanus, Ursus ferox 
Bearded Vulture — See GypaS- 


Basioccipital, Anas boschas, 

473 : A]iiira» 344 : 
mantelli, 478 : Aves, 435 : 
Bony skull, 75 : Chelone 
mydaSi 406 : Columba livia, 
484, 435 : Craniata, 75*: 
Crocodilus, 407 : Crotalus, 


Beavers— See Castoroidea, Tro- 
gontherium, Castoroides 
Bee-eaters — ^See Meropidee 
Belonorhynchus, 230 
Benneviaspis, 129 
Beryoomorphi, 261 
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Bettongia, 521 . 

Biceps muscle, Rana, 317 
Bicipital groove, Lepus cuni- 
culus, 498 

Bicuspid valve, 670 

Bile, Craniata, 84*^ 

Bile-duct, Columba livia, 442, 
443 : Craniata, 67, 84* : 
Dog-fish, 184, 185 : Lacerta, 
369 : Lepidosteus, 278 : Lepus 
cuniculus, 503, 504 : Pho- 
ccena communis, 668 : Rana, 
318, 319 

Bile-duct aperture, Petromyzon 
marinus, 189 

Bilophodont tooah, Perisso- 
dactyla, 389 
Birds — See Aves 
Birds of Paradise, 486 
Birgeria, 229 
Birgeria groenlandica, 229 
Birkenia, 131 

Bladder — Sec Air-bladder, 

Allantoic bladder. Gall blad- 
der, Urinary bladder 
Blastoccele, Petromyzon, 145 : 
Rana, 329, 330 

Blastoderm, Aves, 479, 480, 
482 ; Chondrichthyes, 208, 
210, 212: Dog-fish, 211: 
Callus bankiva, 480 : La- 
certa, 418 : Mammalia, 682, 
684 : Pristiurus, 209 : 

Ray. 211: Reptilia, 417: 
Salmo fario, 258, 254 
Blastodermic vesicle. Lepus, 
686 : Mammalia, 681, 684 
Blastopore, Alligator, 417 : 
Aves, 4^1 : Chondrichthyes, 
211: Clavellina, 80: Dog- 
fish, 211 : Epiceratodus 
forsieri, 301, 303 : Lacerta, 
418 : Petromyzon, 145 : Pris- 
tiurus, 209 : Rana, 329, 
330 : Reptilia, 418 
Blastula, Amphioxus, 52 : 
Clavellina, 30 : Epiceratodus 
forsieri, 301, 308 : Proto- 
theria, 690 : Petromyzon, 
145 : Theria, 690 
Blennies, 261 
Blind Snake, 389 
Blind Worm — See Anguis 
Blood, Amphioxus, 48’“ ; 
Craniata, 94* : Mammalia, 
669 ; Petromyzon, 140 
Blood corpuscles. Amphibia, 
349 : A mphiuma, 349 : 

Columba livia, 448 ; Cnuol- 
ata, 94 '*' : Homo, 94 : Lepus 
cuniculus, 508 : Mainmdia, 
669 : Rana, 94, 325 
Blood temperature, Mammalia, 
669 

Blood-vascular system — See 
Vascular system 
Blue Shark, 177 

2 Z 
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Boa, 389 
Boar Fish, 261 

lioatswain Bird — See Phaethon 
Body- wall, Amphioxus, 42* : 

Ascidia, 13* : Craniata, 63 
Bolodon, 521 
Bolienid, 22 
Bombinator, 347 
Bone structure, Cyclopterus, 
275 : Mola, 275 : Probos- 
cidea» 604 : Pegalecus, 275 : 
Telaostei, 275 : Trachypterus, 

275 

Bones, Craniata* 74* 

Bony labyrinth, Columba livia, 

451 

Bony Pike — See Lepidosteus 
platystomus 

Bony skull, Craniata, 75 
Boreaspis, 129 
Bothriolepis, 165 
Boiryllus, 21, 23 
Botryllus violaceus, 23 
Botllenose Whale, 584 
Bovidof^ 603 
Bovoidea, 601, 602 
Bower-birds, 486 
Bowfin — See Amia, A. calva 
Brachalurus modesius — See 

Dog-fish 

Brachial artery, Columba livia, 
446, 447 ; Dog-fish, 188 : 
Lepus cuniculuSt 506, 507 
Brachial plexus, Rana, 325 
Brachial vein, Columba livia, 
446, 447: Dog-fish, 188: 
Rana, 322 
Brachydirus, 162 
Brachydont teeth, Equoidea, 
591 : Mammalia, 637 * : 

Perissodactyla, 5^9 
Bradyodonti, 173. 174 
Bradypodida, 623, 625 
Bradypus, 623, 629 
Bradypus tridactylus, 623, 629, 
680 

Brain, Alligator, 415, 417 : 
Amphibia* 351 • Amphioxus, 
44, 49 : Apteryx, 478 : 

Ayes, 478» 484 : Callo- 

rhyncus antarciicus, 221 : 
Cams, 672 : Cephalaspis, 
126 : Chondrichthyes, 205 : 
Cogia grayi, 674 : Columba 
livia, 448.449.460: Ciani- 
ata, 87, 95. 97*. 98, 99: 
Cynocephalus, 553 : Dip- 
nensti, 290 : Dog-fish, 190, 
191, 192, 213 : Epiceratodus 
forsteri, 800 : Eutheria, 542 : 
Gallus hankiva, 481 : Ganoid, 
280 : Hemiscyllium, 191 : 
Holooephali, 220 : Lacerta, 
869, 870, 37i» 872 : Lepido- 
siren, 305 : Lepidosteus, 280 : 
Lepus, 688 : Lepus cuni- 
cuius, 509, 510, 511, 512, 


513^: Macropus major, 674 : 
Mammalia, 671 : Myliobaiis, 
205 : Myxine, 149 : Ornitho- 
rhynchus anatinus, 674 : 
Petrogale penicillata, 678 : 
Petromyzon, 140, 142 : Pet-^ 
romyzon marinus, 189, 141 : 
Primates, 555 * Protopteus, 
305 : Pseudophycis backus, 
279 : Rana, 818, 325^ 826, 
830 : Reptilia, 414 * Salmo 
fario, 248, 249, 250, 251 : 
Tachyglossus aculeatus, 673, 
674 : Tarsius, 558 : Teleo- 
stei, 280 : Torpedo, 204 
Brain-case — See Cranium 
Brain cavity — See Cranial 
cavity 

Bramaiherium, 602 
Branchia, Salpa, 25*, 27, 37 
Branchiae, Acipenser, 86 , 277 : 
Amphibia, 87*. 348 : Cepha- 
laspis, 128 : Coelolepida, 
133 *- Craniata, 85*, 86 : Dog- 
fish, 186 : Epiceratodus for- 
steri, 86 , 298 : Hippocam- 
pus, 259 : Holooephali, 220 ; 
Necturus maculatus, 339 : 
Protopterus, 305 : Rana, 
330, 331 : Salamandra,S^ : 
Salmo fario, 237, 249 : 

SyngnathidcB, 277 : Tadpole, 
322 : Teleostei, 86 , 277 : 
Torpedo, 204 : Urodela, 34” 
Branchial apertures, Amphi- 
oxus, 43*, 44, 47, 56, 57 • 
Anaspida, 13^: Ayes, 483 ; 
Balanoglossus, 4*, 6 : Cepha- 
lodiscus, 8, 9 : Chlamydose- 
lachus, 199 : Chondrich- 
thyes, 199 : Chordata, 2 : 
Craniata, 61, 62, 67, 85*, 93 : 
Dog-fish, 178, 185, 187, 188, 
192, 198 : Eptatretus, 149 : 
Eptatretus cirratus, 148 : 
Fish, 89 : Heptranchias, 199 : 
Hexanchus, 199 : Hippo- 
campus, 259 : Holooephali, 
217: Hypotremata, 1 75 ^ 
Myxine, 149 : Myxine gluti- 
nosa, 148, 150 : Necturus 
maculatus, 339 : Ostracion, 
261 : Petromyzon ftuviatilis, 
134, 146 : Petromyzon mari- 
nus, 185 : Pleurotremata, 
175: Ptyckodera bahamensis , 
5 : Rhabdopleura, 8 : Salmo 
fario, 237, 247 : Salpa, 27 
Branchial arches, Acipenser, 
272 : Chlamydosdachus, 

202 : Chondrichthyes, 202 : 
Craniata, 73* : Epiceratodus 
forsteri, ^ 5 , 297 : Hep- 

tranchias, 202 : Hexanchus, 
202 : Palaospondylus gunni, 
m. 172 : ProMterus, 305 : 
Rana, 880 ; Salmo fario. 


244 : Salmo salar, 245 : 'i ad- 
pole, 313 : Urodela,^ 3^4 : 
Urolophus, 201 

Branchial arteries. Amphibia, 
349 : Amphioxus, 46, 47 : 
bog-fish, 187, 188 : Epicera- 
iodus forsteri, 299 : Fishes, 
89, 90 : Salamandra, 348 
Branchial basket, Myxine, 
149 : Myxine glutinos a, 150 : 
Petromyzon, 138* 

Branchial chamber, A can- 
ihodes, 167 : Pterichthyodes, 
164 

Branchial filaments, Amphi- 
oxus, 41, 44, 45, 46 : Catlo- 
rhynchus antarcticus, 224 : 

Craniata, 67, 83*, 86 : Dog- 
fish, 186, 213 

Branchial lamellae — See Bran- 
chial filaments 

Branchial nerve, Dog-fish, 193, 

194 

Branchial plate, Drepanaspis 
gemuendenensis, 133 : Pteras- 
pis rostrata, 132 
Branchial pouches, Cephalas- 
pis, 127: Craniata, 67, 83*, 
86 : Dog-fish, 186: Entero- 
pnensta, 4*. 5 * Myxine 

glutinosa, 160 : Petromyzon 
marinus, 139 : Pterasiddo- 
morphi, 131 : Pteraspis 
rostrata, 1^2 

Branchial rays — See Branchial 
rods 

Branchial region, Balanoglos- 
sus, 2 

Branchial rods, Amphioxus, 
43*» 44, 45 : Cetorhinus, 205 : 

Chondrichthyes, 202 : Salmo 
fario, 245 

Branchial tube, Myxine gluti- 
nosa, 150 

Branchial vein, Epiceratodus 
forsteri, 299, 300 
Branchiocardiac vessel, A s- 
cidia, 16, 17* 

Branchiostegal membrane, 
A mia calva, 235 : Polypterus 
bichir, 232 ; Salmo fario, 
237 : Sebastes percoides, 
260 r Teleostei, 267 
Branchiostegal rays, Chondro- 
steus acip^nseroides, 281 : 
Elonichthys, 268 : Palao- 
niscus macropomus, 227 : 
Protospondyu, 235 : Salmo 
fario, 237, 241, 244 
Branchiostoma — See A mphioxus 
Branchiostomida, 40* 

Bream, 261 

Broadbills — See Burylamida 
Broad ligament, Lacerta, 374, 
375 

Bronchioles, Lepus cunicUlus, 

509 
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Bronchus, Aves, 445 ; Columba 
livia, 442 , 443 , 444 : Lacerta, 
359 , 370 • i^epus cuniculus, 
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Brontosaurus, 890 
Brontotherium, 598 
Brontotherium leidyi, 598 
Brontotherium platyceras, 598 

Brontotheroidea —See Titano- 
theroidea 


Brood-poucli , H ippocamp us , 

259 — See also Marsupium 
Brook Trout — See Salmo fario 
Brown funnel, Amphioxus, 44 , 
48* 

Buccal cavity - See Mouth 
Buccal funnel, Petromyzon 
fluviatilis, 184 : Petromyzon 
marinus, 139 

Buccal glands, Aves, 477 : 
Columba livia, 443 : Crani- 
ata, 84* 

Buccal nerve, Amia calva, 108 : 

Craniata, 102 : Dog-iish. 193 
Buccal tentacles, Myxine, 149 
Buccinator muscle, Lepus cuni- 
culus, 497 : Rat, 617 
Bucerotidee, 462, 476 
Budding, Ascidiacea, 22 : 
CephaiodiscUs^, 9 : Doliolum, 
36, 37 : Pyrosoma, 35 : 

Salpa, 38 
Bufo vulgaris, 341 
Bulbus aortse. Amphibia, 349 : 

Rana, 324 : Salamandra, 348 
Bulbus arteriosus. Fishes, 88* ; 
Rana, 320 : Petromyzon, 140 : 
Salmo fario, 248, 249 ; Teleo- 
stei, 280 

Bulla, Carnivora, 577 > 57 ^ • 
Cynocephalus, 553 : Eu- 
theria, 541 ^ Hgris, 

578 : Inseotivora, 548 : 

Lepus cuniculus, 492, 494, 
495 : Mammalia, O40, 641 : 
Menotsrphla, 54 ^ • Meta- 
theiia, 539 : Primates, 555 . 
563 : Ursus ferox, 579 
Bimdodonta, 600 
Bunodont teeth, Equoidea, 59 ^ • 
Mammalia, O57* 

Bunoid — See Bunodont 
Burcheirs Zebra — See Equus 


burchelli 

Burnett Salmon — See Epicera- 
todus forsteri 

Bursa Fabricii, Columba livia, 

442 , 443 

Bustards — See Otida 


C 


Caoatua, 462 
Cacops, 8^ 

Cadophore, Doliolum, 35 , 86*, 
37 

Caducibranchiate Urodela, 34 ^ 
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Caeca, Aves, 477 : Columba 
livia, 442, 443 : Gallus, 477 ; 
Ginglymodi, 234 : J acerta, 
366, 367, 369 ; Lacertilia, 
412 : Lepidosteus, 278 : 

Lepus cuniculus, 504 : Mam- 
malia, 666, 668 : Ophidia, 
412 : Polypterini, 232 : 

Salmo fario, ^8, 249 : Som- 
niosus, 205 : Teleostei, 276 
CcRcilia pachynema, 341 
Ccenolesies, 532 
CcenolestidcB, 532 
Caiman, 392, 398, 423 
^ ainotheriidee, (x>o 
C alamodon, 616 
Calamoichthys, 223, 232 
Calamoichthys calabaricus, 233 
Calamus of feather, 430 : 

Columba livia, 428 
Calamus scriptorius, J.epus 
cuniculus, 513 

Calcaneal process, Lepus cuni- 
culus, 500 

Calcaneum, Bradypus tridac- 
tvlus, 630 : Cervus elaphus, 
647 : Columba livia, 439 : 
Dasypus sexcinctus, 631 ; 
Equus caballus, 648 : Gonlla, 
565 : Jlalmaturus ualabatus, 
538 : Homo, 565 : Lepus cuni- 
culus, 500 : M aero pus, 541 : 
Mammalia, 646 : Mesonyx, 
646 : Ornithorhynchus, 527 : 
Phalanger, 540 : Pinnipedia, 
581 : Ponge, 565 : Proto- 
theria, 53 <^ • Rana, 309, 3 }(y : 
Sus scrofa, 648 : Tarsius, 
558 : Tetrapod, 80 : Tritem- 
nodon agilis, 644 
Calcar, Chiroptera, 553 • Rana, 
809,3*6 

Calcified cartilage, Craniata, 74* 
Callichthys, 278 
Callithrix, 559 

Callorhynchus, 213, 215 , 217, 
218, 219, 223 

Callorhynchus antarcticus, 216 , 
220 , 221 , 222, 224 
Camels— See Tylopoda, Came- 
lus 

Camelus, 666 
Camelus hactrianus, 601 
Camelus dromedarius, 601^ 
Campanula Halieri, Salmo 
fario, 252 

Camptotrichia, Epiceratodus 
forsteri, 294 

Canalieulae, Cosmoid scale, 64 : 

Ganoid scale, 65 
CanidcB, 573, 665 
Canine teeth, Equoidea, 59 * • 
Equus, 662 : Mammalia^ 
653* : Ornithorhynchus, 525 : 
Ptilocercus lowii, 548 : 

Canis, 664 , 666, 672 
Canis familiaris, 578 , 642 


Cannon bone,"' 
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Canoidea — See Arotoidea 

Cape Jumping Hare — See 

Pedetes 

Capillaries, Amphioxus, 47 : 

Fishes, 88*, 90 : Rana, 824 
Capitellum, Lepus cuniculus, 
498 

Capitular facet, Lacerta, 358 
Caprimulgi, 462 
Caprimulgiformes, 462 
Capsule of eye, Craniata, 113 * 
Captorhlaombrpha, 378 
Captorhinus , 378 
Capuchins — See Cebus 
Capybara — See Hydrochoerus 
Carapace, Chelonia, 398, 401, 
402 : Dermatochelys, 402 : 
Spargis, 402 

Carboniferous, Actmoptersrgii, 
225 : Amphibia, 333. 334. 
335. 339 : Dipneusti, 291, 
293 '• Ichthyotomi, 174 • 
Petaliohth 3 dda, 167 : Pleuro- 
pterygii, 173 . *74 * Reptilia, 
377. 424 

CarcharinidcB , 177, 208 
Carcharinus, 177, 205 
Carcharodon, 176, 214 
Cardiac end of stomach. Mam- 
malia, 666 

Cardiac sac, Balanoglossus, 3 : 
Enteropneusta, 6* : Rhabdo- 
pleura, 12 : Tornaria, 7 
Cardiac vagus nerve, Dog-fish, 
194 

Cardinal veins. Amphibia, 349 : 
Craniata, 67, 93 : Epicera- 
todus forsteri, 299, 300 : 

Fishes, 89, 91* : Rana, 322, 
323 : Tadpole, 323 
Cardinal sinuses. Dog-fish, 188, 
189 

Gardio-visceral vessel, Ascidia, 

16. 17 * 

Carimidcs, 461 

Carina sterni, Columba livia, 
482, 434 . 440 . 441, 442 : 
Gallus, 470 : Procellaria, 
470 : Turdus, 470 : Vultur, 

470 

CarinatcB, 472, 473, 474, 486 
Camassial teeth, Canida, 573 : 
Canis, 664 ; Carnivora, 573. 
664 : Felis, 664 : ' Herpestes, 
664 : Hycenodon, 576 ; 

Lutra, 664 : Meles, 664 : 
Oxyana, 576 : Ursus, 664 : 
Wolf, 576 

Carnivora, 5*8, 572-581, 649, 
664 

Carolozittelia, 572 
Carotid arteries, Amphibia, 
349 : Columba livia, 446, 
447, 448 : Craniata, 93 ; 
Crocodilus, . 414 : Dog-fish, 
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187 , 188 : EMceratodus for^ 
steri, 289 : Ehitheria, 541 • 
Fishes, 89 , 90* : Lacerta,2i67f 
368, 869 : Lepus cuniculus, 
506, 507 : Macfopetalichthys 
raphddolabis^ l 67 : Mam- 
malia, 670 : Metatheria, 530, 
539 : Rana, 820 , 821 , 8^ : 
Salamandra, 848 : Tarsius, 
558 

Carotid canal, Ursus ferox, 579 
Carotid foramen. Anas hoschas, 
478 : Apteryx mantelli, 478 ; 
Ichthyophis glutinosa, 845 : 
Ptilocercus lowii, 548 
Carotid labyrinth, Rana, 820 , 
321 : Salamandra, 348 
Carp, 261 

Carpals, A rchceoptcryx liiho- 
graphica, 465 : Archceornis 
siemensi, 464 : Lacerta, 864 : 
Lepus cuniculus, 499 ; Rana» 
315 : Sphenodon, 8^, 408 : 
Tetrapod, 78 *, 80 : Xenarthia, 
628 

Carpet Shark — See Orectolobus 
Carpometacarpus, Columba 
livia, 487 

Carpus, Alligator, 409 : Brady- 
pus, 629 : Cetacea, 586 : 
Chelonia, 408 : Chiropteia, 
552 : Choloepus, 629 : Con- 
dylartbia, 566 : Crooodilia, 
409 : Homo, 565 : Insecti- 
vora, 549 • Lacerta, 364 : 
Lepus cuniculus, 498 : Mam- 
miHdSii 644, 645, 646 ; Meta- 
thexia, 539 : Papio anubis, 
565 : Primates, 5^5 • Proto- 
theria, 530 : Syrenia, 613 : 
Tritemnodon agilis, 644 : 
Ursus americanus, 579 : 
Xenarthra, 629 

Cartilage, Chondrichthyes, 199 ^ 
Craniata, 74 : Myxine gluti- 
nosa, 150 : Petromyzon, 185 , 
186 , 137, 138 : Petromyzon 
marinus, 189 

Cartilage-bones — See Replac- 
ing TOnes 

CauiSaginous skull, 72 
Caruncle, Aves, 485 • 

Cassowary — See Casuarius 

Castoioidea, 621 

Castor oides, 616 

Casaariiiormes, 457 

Casuarius, 457, 468 , 470 , 475* 

485 

Catarrhini, 559* 640 
Cat-fishes — See Siluridce 
Cathartes, 461 
Caiopteridas, 230 
Catopterus, 230 
Cats — See Felida 
Caudal artery, Columba livia, 
447, 448 : Chraniata, 67 , 98 : 
Dog-fish, 187, 188 : Fishes, 


89 , 90* ; Lacerta, 368, 869 
Lepus cuniculus, 506, 507 : 
Salmo fario, 248 
Caudal fin, Aoanthodii, 154 ^ 
Acifenser ruthenus, 280 : 
Aotmistia, 288 : Amia calva, 
285 : Anaspida, 130 : €hon- 
driohthyes, 198 : Chondro- 
stei, 231 : Coelolepida, 133 ^ 
Oiaxiiata, 61 , 62 : Dog-fish, 
66 , 178 : Epiceratodus for- 
steri, 293, 294 : Fl3dng- 

fishes, 263 : Gadus morrhua, 
260 : Gmglymodi,233 : Hip- 
pocampus, 268 : Holocephali, 
217 : Ichthyotomi, 174 : 

Lepido siren, 290 : Lepido- 
steus piatystomus, 283 : Palceo- 
spondylus gunni, ijo: Pleu- 
ropterygii, 173 : Polypterus 
bichir, 282 : Protospondyli, 
235 : Pteraspidomorphi, 131 : 
Pterichthyodes, 165 : Rhipi- 
diatia, 285 : Salmo fario, 286 , 
238, 240, 426 : Teleostei, 268, 
271, 272 

Caudal ganglion, Appendi- 
cularia, 22, 26* 

Caudal pteryla, Columba livia, 
431 : Gypa&tus, 467 
Caudal region, Crocodilus, 899 
Caudal swellings, Chondrich- 
thyes, 210 : Dog-fish, 211 
Caudal tract — See Caudal 
pteryla 

Caudal vein, Amphibia, 349: 
Columba livia, 447 : Crani- 
ata, 67 : Dog-fish, 188 , 189 : 
Epiceratodus for steri, 300 : 
Fishes, 89 , 91* : Lacerta, 

368 : Salamandra maculosa, 
^0 : Salmo fario, 248 
Caudal vertebrae, Columba 
livia, 483 , 434 : Lepus cuni- 
culus, 489, 490 : Mammalia, 
638 : Primates, 560 : Si- 
renia, 612 : Xenarthra, 626 
Caudate lobe of liver, Lepus 
cuniculus, 508 

Caval veins — See Precaval and 
Postcaval veins 
Cavies — See Histricomorpha 
Cavum arteriosum, Beptilia, 

413* 

Cavum pulmonale, Beptilia, 
413* : Turtle, 418 
Cavum venosum, Beptilia, 
413* : Turtle, 418 
Cebidee, 559, 560 
Cebus, 559 
Cellulose, I3* 

Cement of teeth, Craniata, 82*, 
88 : Mammalia, 650 
Centetes ecaudaius, 547 , 
Centrar— See Vertebral centra 
Central canal of spinal cord, 
Craniata. 68 , 96, 98 


Central plate, Coccosteus deci- 
161 , 162 : Epipetalich- 
thys wildungensis, 166 : 
Heterosteus, 1 ^ 

Centralia, Alligator, 409 : Car- 
nivora, 579 : Chelonia, 408 : 
Crocodilus, 410 : Dicsmo-^ 
dontia, 884 : Cforgonopsia, 
884 : Inseetivora, 550 ^ 
certa, 864 : Lepus cuniculus, 
498 , 499 : Mammalia, 646 : 
Papio anubis, 565 : Pdy- 
cosauria, 884 : Primates, 
565 : Rana, 315, 316 : Sphe- 
nodon, 408 : T alpa, 549 : 
Tetrapod, 80 , 81* : Tritem- 
nodon agilis, 644 
Centrophorus calceus, 199 
Cephalaspida, 126-130 
Cephalaspidomorphi, 125-131 
Ce^^las^s, 107, 126, 127, 

Cephalic pteryla, Columba 
livia, 431 : GypaBtus, 467 
Cephalic shields, Cephalaspido- 
morphi, 129 : Cephalaspis, 
127 : Kiceraspis auchen- 

aspidoides, 128 
Cephalodiscus, 2, 3, 8*, 9, 11 
Cephalodiscus dodecalophus, 9 , 
10 

Cepitonidce, 462 
Ceraspis, 165 

Ceratobranchials, A canthodes, 
157 : Acipenser, 272 : Bony- 
skull, 75 : Cartilaginous 
skull, 72 ; Columba livia, 
486 : Craniata, 74*: Dog- 
fish, 182 : Salmo fario, 244 
Ceratodus, 78 , 293 — See also 
Epiceratodus 

Ceratodus forsteri — See Epi- 
ceratodus forsteri 
Ceratohyal, A canthodes, 157 : 
Amia, 268 : Bony-skull, 75 : 
Cartilaginous skull, 72 : 
Chimcera monstrosa, 218 : 
Chondrosteus acipenseroides, 
281 : Craniata, 73*: Dog- 
fish, 180, 182 : Hypotremata, 

176 : Lepus cuniculus, 497 : 

Mammalia, 689 : Palteo- 
^ondylus gunni, 171 : 
Plenrotremata, 176 : Salmo 
fario, 243, 244 .: Tadpole, 818 
Ceratolepis, 165 
Ceratopsia, 391 

Ceratothchia, Chondriehthyes, 
200 : Dog-fish, 188 
Cercopithedaa, 559, 560 
Cercopithecus, 559 
Cere, Columba Uvia, 426 , 427, 
448 

Cerebellar commissures, La- 
certa, 872 

Cerebellar fossa, Lepus cuni- 
culus, 496 : Metmeriai 538 
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Cerebellar ventricle -See Epi- 
coele 

Cerebellum, Alligator, 415 : 
Callorhynchus antarcticus, 
221 : Canis, 672 : Chon- 
drichthyes, 206 : Columha 
livia, 442, 44 ^* 449, 450 : 
Craniata, 67, 97 *» 98 : Dog- 
fish, 120 , 1 91 : Epiceratodus 
forsteri, 800, 301 : Holo- 
cephali, 220: Lacerta, 869, 
370, 371 : Lepidosteus, 280 : 
Lepus cuniculus, 502, 510, 
511, 512, 513 : Mammalia, 

671 : Ornithorhynchus ana- 
Hnus, 674 : Petrogale peni- 
cillata, 678 : Petromyzon. 140, 
142 : Petromyzon marinus, 
141 : Pseudophycis backus, 
279 : Kana, 318, 325, 326 : 
Beptilia, 414 : Salmo fario, 
248, 249, 250, 251 : Tacky- 
glossusus aculeatus,& 7 Zl I'or- 
pedo, 204 

Cerebral eye, Amphioxus, 50 
Cerebral flexure, Craniata, 10 1* 
Cerebral fossa, Lepus cuni- 
culus, 496 

Cerebral ganglion, Appendi- 
cularia, 26*, 27 

Cerebral hemispheres, Alli- 
gator, 415 : CaXlorkynckus 
antarcticus, 221 : Canis, 

672 : Columha livia, 442, 
44^^ 449, 450 : Craniata, 98 : 
Fishes, 97* : Holocephali, 
221 : Homo, 561 : Lacerta, 
869, 370, 371. 872 : Lepus 
cuniculus, 502, 509, 510, 511, 
512 : Mammalia, 671, 674, 
675 : Metatheria, 674 : Orni- 
tkorhynchus, 674 : Rana, 
818, 325 * 326 : Beptilia, 

414 : Scymnorhinus, 205 : 
Tacky glossus, 674 
Cerebral nerves. Alligator, 415 : 
Amphioxus, 49, 50 ; Canis, 
672 : Columha livia, 449 : 
Craniata, loi, 102 : Dog-fish, 
191, 198 : Lacerta, 370, 372 : 
Lepus cuniculus, 510 : Rana, 
8 ^ : Salmo fario, 250 
Cerebral nerve foramina. 
Anas boschas, 473 : Apteryx 
mantelli, 478, 473: Columha 
livia, 484: Crotalus, 403 
Cerebral ventricle — ^See Ence- 
phalocoele 

Cerebro-spinal cavity — See 
Neural canal 

Cervical air-sac, Aves, 445 : 

Columha livia, 444 
Cervical apterium, Ardea, 467 : 

Columha livia, 481 
Cervical ganglia, Lepus cuni- 
cuius, 513 

Cervical ribs, Columha hvta. 


432 : Lacerta, 859 : Orni- 
tkorhynckus, 527 
Cervical vertebrae. Amphibia, 
343 • Palmna mysticetus, 

588 : Carnivora, 577 : Col- 
umba livia, 433, 442 : Lepus 
cuniculus, 489, 490 : Mam- 
malia, 637 : Metatheria, 531 : 
Phocesna communis, 585 : 
Primates, 560: Rana, 309, 
310 : Sirenia, 612 : Xenar- 
thra, 626 
CervidiB, 602 
Cervince, 602 

Cervix uteri, Eutheria, 678 
Cervoidea, 601, 602 

Cervus elapkus, 647 
Cestracion, 201, 208 
Cetacea, 581 * -7, Gyi 
Cetiosaurus, 390 
Cetorhinus, 176, 214, 205 
CetotheriidcB, 584 
Chalaza of egg, Aves, 479 : 

Callus, 480 
Chalcides, 419 
Chalicotherium, 599 
Chalicotheroiiea, 589. 598 
Chameleon, 388, 394, 397, 400, 

411, 412, 4I9» 423 

Chamceleon vulgaris, 394 
Char, 258 
Charadriida, 461 
Cheek-bones, Cinglymodi, 234 : 

Holoptychius, 2 KM 
Cheir acanthus, 159 
Ckeiracantkus murchisoni, 158 
Cheir odus, 229 
Cheirolepis, 228, 229 
Chelodina, 401 
Chelone mydas, 402, 406 
Chelonia, 375 . 378*. 395 . 398. 

. 400, 401, 402, 405, 408, 41 1, 
413, 415, 416, 422, 423, 424 
Chevron bones. Cetacea, 585 : 
Halmaturus ualahatus, 538 : 
Lacerta, 359 : Mammalia, 
638 : Phoccena communis, 
585 : Beptilia, 400 ; Xenaiv 
thra, 626 

Chevrotains — See Tragoloidea 
Chilobranchus, 284 
Chilotherium, 596 
Ckimma, 214, 217, 218, 219 
Chimara monstrosa, 216, 218 
Chimaridee, 214 
^impanzee — See Pan 
Chinese Water- Deer — See 

Hydropotes 
ChionidcB, 461 
Chionis — See Chionidee 
Chipmunks — See Scuixoidea 
Chirocentrus, 276 
Chirogale, 556 
Chirogalinca, 556 
Chiromyina, 557 
Ckiromys, 557 
Ckironectes, 532 


Chiroptera, 518 , 55^*-"553 
Chirothrix, 263 
Ckirothrix libanicus, 264 
Chlamydosnurus, 420 
Cklamydosclachus , 1 76, 199, 202 
Chlamydoselackus anguineus, 
176 

Choana — See Posterior nasal 
opening 
Choanata, 152 * 

Choanichthyes, 152 , 284 *- 3 o 6 
Chceropus, 532 
CholoBpus, 623 , 629 
CholcBpus didactylus, 625 
CholoBpus hoffmanni, 626 
Chondrichthyes, 79, 152 , 172*- 
223 

Chondrocranium — See Neuro- 
cranium 

Chondrostei, 226 , 23 o*- 232 , 
274 

Chondrosteus acipenseroides, 

231 

Chorda dorsalis — See Noto- 
chord 

Chorda tympani. Mammalia, 
104* 

Chordae tendineae, Lepus cuni- 
culus, 505 

Chordata, i* 

Chorion, Aves, 483 , 484 : 

dona, 29* : Hypsiprymnus 
rufescens, 6^ : Lepus cuni- 
culus, 516, 517 : Mammalia, 
683 . 684, 686 

Chorionic villi, Lepus cuni- 
culus, 517 : Mammalia, 688 
Choroid, Columha livia, 451 : 
Craniata, ii2*: Dog-fish, 
194 : Homo, 111 : Salmo 
fario, 251, 252 

Choroid fissure, Craniata, 114* 
Choroid gland, Salmo fario, 
251 . 252 

Choroid plexus, Callorhynchus 
antarcticus, 221 : Craniata, 
loi* : Dog-fish, 191 : Epi- 
ceratodus forsteri, 300 : Holo- 
cephali, 221, 222: Lacerta, 
870, 371, 872 : Lepus cuni- 
culus, 511, 512 : Petromyzon, 
140 : Petromyzon marinus, 
141: Rana, 325, 326,827 
Chrysochlorida, 545 
Chrysochloris trevelyani, 545 
Chrysophrys, 282 
Chrysothrix — See Suimiri 
Ciconia, 461 
Ciconiiformes, 4 b ^ 

Cilia, Cephalodiscus, 9 
Ciliary ganglion, Craniata, 103* 
Ciliary muscle, Craniata, 112* 
Ciliary process, Columha livia, 
451 : Craniata, 111, 1 x 2 * : 
Homo, 111 

Ciliated diverticulum, Ascidia, 
^ : Ascidian larva, 84 
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Ciliated funnel, Appendicu- 
laria, 27: Ascidia, 18*: 
A scidieB simplices, 2 7 : Dolio- 
, lum, 27 : Salpa, 26 , 27 : 

Sodpa democratica, 24 
Ciliated groove, Salpa, 87 
Ciliated rings, Tornaria, 7 
Ciona, 29 

Circulatory system — See 
Vascular system 
Circumorbital bones, Acan- 
thodes, 157 : Leptolepis 

bronni, 267 : Salmo fario, 
241 , 242 

Cirri, Amphioxus, 41 , 42*, 44 
Cistudo lutaria, 401 
Civet Cats — See Viv err idee 
Cladisiia — See Polsrpterini 
CladoduSf 78 , 173 
Cladoselache, 78 , 79 
Cladoselache fyleri, 173 
Cladoselachii See Pleurop- 
terygii 

Clarke's column, Craiiiata, 96 
Clag>ers, Chimara monstrosa, 
218 : Chondrichtliyes, 198 : 
Dog-fish, 178, 196 : Holo- 
oephali, 815 , 217: Urolophus, 
^201 

Classification,. Acanthaspido- 
morphi, 159: Acanthodida, 
159 • Acanthodii, 154* 159 • 
Acanthopterygii, 226, 261 : 
Aoiania, 59 : Actinistia, 287 : 
Aotinopterygii, 226, 227 : 

Adelospondylia, 333 ^ Amphi- 
bia, 306, 332, 354 : Amphi- 
oxus, 59 : Anapsida, 377 : 
Anthxopoidea, 559 : Anti- 
accbi,i62: Aniixa,333> 355 : 
Aphetohyoidea, 152 : Apoda, 
333 i Appendicularia, 39: 
Arohmopterygiformes, 454 • 
Arthiodixa, 159: Artio- 
dactyla, 518, 587, 600 : 

Aseidiacea, 3^* Aves, 4^5^ 
453 : Balanoglossus, 39 : 

IBteiiytheiia, 615 : Bovoidea, 
602 : Br^ypiodidm, 625 : 
Camivora, 51S, 572 : Cera- 
topfia, 391 : Cetacea, 5iS» 
581 : ChalicotheFOidea, 598 : 
Chdonia, 378 : Chiioptera, 
518, 550 : ChoaiiiohthyeB,284 : 
Chondrichthyes, 172 : Chon- 
droetei, 226, 230 : Coccoeteo- 
morjAd, 160 : Ccelacanthida, 
287 : Columba, 462 : Oondy- 
lazthra, 5^6 : Ootylosamia, 
377 • Craaiataf 124 : Croeo- 
dflia, 392 : OydoBtomata, 
147 : Dasypodidee, 626 : 
Demiopteia, 5^8 : Biapsida, 
387 : lHc:modoiitia, 380 : 
Dinooeeata, 588 : Dinosauiia, 
389: Dliiothexoidea, 606: 
Diplacmthida, 159 : Diih 


neomoxia, 304 : Dipnensti, 
290, 304 : Doliolum, 39 : 
Edentata, 518 : Elephant- 
oidea, 608 : Embiithopoda, 
615 : Eqnoidea, 591 : Euse- 
lachii, 175 : Galeoidea, 17^ *• 
Ginglymodi, 226, 233 : Giiaf- 
foidea, 602 : Gnathosto- 
mata, 152 : Hemichoida, 
II : Holocephali, 214: 

Holostei, 226 : Hsrpotre- 
mata, 175^ ^77 *• Hyracoidea, 
518, 613 : Xchthyopterygia, 
386: Ichthyotomi, 174: 

Insectivora, 518, 543 : isch- 
nacanihidee ^ 159 : Isospon- 
dyli, 226, 257, 258 : Labryin- 
thodontia, 333 • Lacerta, 388, 
423 : Lacertilia, 388 : Lepo- 
spondylia, 333» 339 • Lepus 
cuniculus, 517 : Litoptema, 
5<^9 : Mammalia, 487. 5^7* 
518 : Mastodontoidea, O06 : 
Megachiroptera. 551 • Meta- 
theria, 518, 531 : Micro- 
chiroptera, 55^ Moerithe- 
roidea, 606 : Monopneumo- 
na, 304 * Monotremata, 5^8 : 
Myrmecophagida, 626 : Neo- 
gnathcB, 460 : Neopterygii, 
226 : Nothoaauria, 385 ' 
Notidanoidea, 176 : Omi- 
thischia, 390 • Orthopoda, 
390 : PalsBOgnathm, 456 : 
Paleeoniscoidei, 226 : Palee- 
opterygii, 226 : Pantodonta, 
568 : Pecora, 601 : Pelyco- 
sauria, 380 : Perissodactyla, 
518, 587, 589 : Peta^chthyida, 
165 : Pholidota, 518, 631 : 
Phyllospondylia, 333» 339 : 
Placodontia, 385 : Plesiosau- 
na, 385 : Pleuropterygii, 
173 : Plenrotremata, 175. 
176 * Polypterini, 232 : Pri- 
mates, 518, 554 : Proboscidea, 
603 : Protospondyli, 226, 235 : 
Pterodactyla, 392 : P^ho- 
nomondjia, 389 : Rana, 333, 
334 ' Reptaia, 356, 375» 377 •• 
Rhamphori^choidea, 393 ^ 
Rhenanidi, 167 : Rhipidistia, 
285,287: Bhynchooephalia, 
387 ; Bodentia, 518, 616 : 
Salmo, 255 : Salmo fario, 
254: Salpa, z 9 ' Sanrisohia, 
390 : Sauropoda, 390 : 8i- 
renia^ 518, 610 : Sqoaloidea, 
177 : Sqnamata, 388 : Stego- 
saurid, 391 : Synapsida, 380 : 
Teeniodontia, 616 : Tapiroi- 
dea, 5^ • Teleostei, 226, 
255* 256 : Thecodontia, 387 : 
Theriodontia, 381 1 Thero- 
poda, 590 : Tillodontia, 616 : 
Titaiiotheroidea, 597 : Tubn- 
lidentata, 518, 632 : Uio- 


chorda, 38 : Urodela, 333 ' 
Xenarthra, 622 

Clavejlina, 80 , 81 
Clavicle, Bradypus tridactylus, 
623 : CumiTora, 579 *. Casu- 
arius, 470 : Cheirolepis, 228 : 
Chelonia, 40B : Chiroptera, 
552 : Chondrostei, 228 : 
L hondrosteus acipenseroides, 
231 : Cistudo lutaria, 401 : 
Coccocephalus wildi, 282 : 
Dicynodontia, 381 : Epicera- 
todus forsteri, 297 : Gingly- 
modi, 234 ; Halmaturus 
ualabatus, 538 : Helichthys 
elegans, 230 : Insectivora, 
549 : Lacerta, 869 , 363 : Lepus 
cuniculus, 497 : 

634 : Metatheria, 539 : Orni- 
thovhynchus, 627 : Mmates, 
563 : Rana, 314 : Rodentia, 
621 : Spkenodon, 899 : Talpa, 
649 : Tetrapod, 80 , 8i* : 
Xenarthra, 628, 629 
Claws, Columha livia, 428 : 
Mammalia, 635 

Cleavage — See, Segmenta- 
tion 

Cleitlirum, Cheirolepis, 228 : 
Chondrostei, 274 : Chondro- 
steus acipenseroides, 281 : 
Coccocephalus wildi, ^2 : 
Diplopterax trailli, 287 ; 
Epiceratodus forsteri, 297 : 
Helichthys elegans, 280 : 
Holoptychius flemingi, 288 : 
Leptolepis bronni, 257 : 
Mammalia, 643 : Osteolepis 
macrolepidotus, 286 : Palceo- 
niscus macropomus, 227 : 
Salmo fario, 246 : Stego- 
cephala, 347 

Climatius, 159 
Climaiius reticulaius, 166 
Climatius uncinatus, 168 
Climbing Perch — See Anabas 
scandens 

Clitoris, Chelonia, 416 : Cro- 
codilia, 416 : Lepus cunicu- 
lus, 614 , 516 : Mammalia, 
679 : Trichosurus, 686 
Cloaca, Ascidiee composites, 23 : 
Callorhynchus antarcUcus, 
222 : Chondrichthyes, i99> 
205 : Columba livia, 443 : 
Craniata, 62 : Didelphys 
dorsigera, 685 : Dog-fish, 
178, 184, 185 , 196 : Lacerta, 
869 , 874 : Mammalia, 668 ; 
Rana, SIS, 327, 828 : 

Tachyglossus aculeatus, 686 : 
Trichosurus, 686 
Cloacal vein. Dog-fish, 188 : 

Salamandra maculosa, 860 
Qub-dfciaped gland. Amphioxus, 
56 * f 

esnpeoidea, 258 
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Cnemial process, Columha 
livia, 439 

Cnemial ridge, Lacerta, 365 
Cnemiornis, 470, 474 
Cobitis, 284 

Coccocephalus wildi, 232 
Coccosteidos; 159 

Coccosteomorphi, 159, i()o*- 
162 

Coccosteus decipicns, 160, 161, 
162 

Coccygeomesenteric vein, Co- 
lumba livia, 447, 448 
Coccyx, Primates, 560 
Cochlea, Columba livia, 451^, 
451: Craniata, 117* : Homo, 
676 : Lacerta, 374 : J.epus 
cuniculus, 514 : Mammalia, 
676 

CochliodontidcB, 174 
Cockatoos - - See Cacatua 
Cod — See Gadus morrhua 
Ccelacanihidce, 2 Sy*- 2 Sg 
Coelacanthus, 289 
Coeliac artery, Columha livia, 
447 : Dog-fish, 186, 188, 
189: Fishes, 89, 90 *: 1 m- 
certa, 368, 369 : Lepus 

cuniculus, 503, 506 , 507 
Coeliac ganglion, F.epus cuni- 
culus, 514* 

Coeliac plexus, Lepus cuniculus, 

514 

Coeliacomesenteric artery — See 
Splanchnic artery 
Ccelogenys paca, 619 

Coelolepida, 125. i 33 

Coelolepis, 133 

Coelomata, 2 

Coelome, Amphioxus, 41, 44, 
43 *- 46, 63, 64, 68 : Aves, 
484 : Cephalodiscus, 11 : 
Chordata, 2 * : Craniata, 66 , 

67, 68, 123 : Lepus cuniculus, 
500 : Ptychodera bahamensis, 
6 : Hana, 123 : Salmo fario, 
247 

Coelomic aperture. Dog-fish, 

196 

Coelomic bay, Chondrichthyes, 
209 : Pristiurus, 209 
Coelomic funnel, Columba livia, 

462 

Coelomic pouches, Amphioxus, 

63*, 64 

Coelomic sac — See Somite 
Coffer-fish — See Ostracion 
Cogia grayi, 674 
Colies — See CoUidcB 
ColiidcB, 462 
Coliiiormes, 462 
Collar, Balanqglossus, 2, 4*. 6 : 
Cephalodiscus, 9 : Ptero- 
biaadlia, 8 : Rhabdoplema, 

Collar-nerve, Rhabdoplema, 12 
CoUar-pores, Balanoglossus, 4*: 
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Pterobranchia, 8 ; Rhabdo- 
pleura\ ii 

Collecting tubes, Urodela, 351 
Collocalia, 479 
Colobus, 559 

Colon, Dog-fish, 184, 186 : 

Lepus cuniculus, 504 
Colour changes, Anguis, 398 : 
Chamesleon, 397 : Salmo 
fario, 270 

Colubrine snake — See Tro- 
pidonota natrix 
Columba, 462 
Columba livia, 425-452 
ColumbcB, 462 
ColumbideB, 462 
Columbiformes, 477 
Columella auris, Amphibia, 351 : 
Columba livia, 436, 437 : 
Craniata, 118 * : Lacerta, 362, 
373 : Rana, 311, 313 , 327 : 
Beptilia, 416 ; sphenodon, 
404 : Tadpole, 313 
Columnae carnea?, Lepus cuni- 
culus, 505 

Colymbiformes, 4^1 

Colymbus, 461 

Commissures of brain, Columba 
livia, 450 : Lacerta, 370, 
371 , 372 : Lepus cuniculus, 
611, 612, 513 *• Mammalia, 
672, 673 : Petrogale peni- 
cillata,^ 673 : Rana, 325, 326 : 
Repti)^, 414 : Salmo fario, 
261 : Tachyglosstts aculcatus, 
673 

Common carotid — See Carotid 
arteries 

Composite Ascldian — See A sci- 
dicB compositcB 
Compsognathus, 390 
Conacodon, 56^ 

Conchopoma , 293 
Condylar foramen, Lepus cuni- 
culus, 493 

Condylarthra, 518, 566-568, 649 
Condyles — See Mandibular con- 
dyle : Occipital condyles 
Cones of eye, Craniata, 113* 
Coneys — See ProcaviideB 
Connectives, Ascidia, 15* 
Conoxytes, 616 

Contour feathers, Columha 
livia, 429 

Contradeciduate placenta, 688* 
Conus arteriosus, Albula, 280 : 


Cope-Osborn theory of tri- 
tuberculy, 653, 664 
CopodoniidcB, 174 
Coprodaeum, Columba livia, 

442 , 443 

Copulatory sacs, Lacerta, 374 , 
375 ' 

CoraciidcB, 462 
Coraciiformes, 462 

Coracobrachialis muscles, Co- 
lumba livia, 441 
Coracohumeralis muscle, Rana, 

317 

Coracoid, Acanthodes, 157 : 
Acanthodii, 154 ^ Ambly- 
stoma, 346 : Apteryx man- 
telli, 476 : ArchcBornis sie- 
mensi, 464 : Brady pus tri- 
dactylus, 623 : Carinatce, 
474 : Casuarius, 470 : Ceta- 
cea, 53 b : Chelonia, 408 : 
Chiroptera, 55- : Chondrich- 
thyes, 203 : Cistudo lutaria, 
401 : Columba livia, 432 , 
437- 441 : Dicynodontia, 
381 : Diplacanthus, 155 : 
Dog-fish, 183 : Edestosaurus, 
389 : Iguanodon bernissar- 
tensis, 391 : Insectivora, 
549 : Lacerta, 369 , 363 : 
Macropetalichthys prumi- 
ensis, 168 : Mammalia, 643 : 
Metatheria, 539 ' Omithor- 
hynchus, 527 : Pinnipedia, 
581 : Plesiosaurus, 386 : 
Procellaria, 470 : Prototheria, 
529 : Rana, 314 : Ratito!, 
474 ; Rodentia, 621 : Sal- 
amandra, 346 : Salmo fario, 
246 : Sirenia, 613 : Spheno- 
don, 399 : Teleostei, 274 : 
Tetrapod, 80 , 81* : Urodela, 
34b 

Coracoid process. Carnivora, 
579 : Dasypus sexcinctus, 

629 : I epus cuniculus, 497 ; 
Mammalia, 643 : Phoccena 
communis, 685 : Primates, 
563 : Xenarthra, 628 
Coracoid region, Tetrapod, 8i* 
Coracoscapular angle, Carin- 
atae, 474 : Columba livia, 437 : 
Diomedea, 475: Ratitm, 474 
Cormorants — See Phalacrocorax 
Cornea, Columba livia, 461 : 
Craniata, 112* : Homo, 111 : 


Amphibia, 349 : Chondrich- Salmo fario, 251, 262 
thyea, 205 : Craniata, 67 : Cornual cartilage, Myxine 
Dog-fish, 185, 186, 187, 188 : glutinosa, 160 : Petromyzon, 

Epiceratodus forsteri, 298, 137* 

2w : Fishes, 88*, 89, 90 : Cornual plate, Drepanaspis 
Ganoids, 280 : Lepidosiren, gemuendensis, 133 ; Ptera- 
305 : Protopterus, 305 : Rana, spis rostraia, 132 
818, 320, 321, 3^ : Sala- Corona radiata. Mammalia, 
mandra, 348 : Teleostei, 280 68o* 

Convergent adaptation, Teleo- Coronal suture, Lacerta, 360 

8 tei, 262 Lepus cuniculus, 494 



712 


INDEX 


Coronary, Aves, 435, 474 : 

Lacerta, 361, 362* 

Coronary artery, Dog-fish, 187 : 

Lepus cuniculus, 505 
Coronary sinus. Mammalia, 670 
Coronary vein, Lepus cuni- 
cuius, 508, 506 

Coronoid process, Cynognathus, 
383 : Dimetrodon, 383 : 
Globiocephalus, 582 : La- 
certa, 363 : Lepus cuniculus, 

496 : Myrmecophaga, 627 : 

Scymnosuchus, 383 : Tacky- 
glossus aculeatus, 529 
Corpora quadrigemina — See 

Mid-brain 

Corpus adiposum — See Adipose 
body 

Coipus callosum, Eutheria, 
542 : Lepus cuniculus, 510 , 

511, 512 : Mammalia, 671, 
672 

Corpus cavernosum, Lepus 
cuniculus, 514, 515 . 516 : 
Mammalia, 677 

Corpus geniculatum, Lepus 
cuniculus, 511, 512 
Corpus lugcminus — See Optic 
lobes 

Corpus luteum. Mammalia, 
68o* 

Corpus mammillare, Lepus 
cuniculus, 512 , 513 : PetYo- 
gale penicillata, 673 : Tachy- 
glossus aculeatus, 673 
Coipus restiforme, Callothyn- 
chus antarcHcus, 221 : Dog- 
fish, 1 91 : Holocephali, 22c : 
Lepus cuniculus, 511 
Corpus spongiosum, Lepus 
cuniculus, 514 , 515, 516 : 
Mammalia, 677 
Corpus sterni — See Sternum 
Corpus striatum, Calhrhynchus 
antarcticus, 221 : Columba 
livia, 449, 450 : Craniata, 
98 : Holocephali, 221 : Jm- 
certa, 370 , 371 : Lepidosteus, 
280 : Lepus cuniculus, 511 , 
512 : Pseudophycis backus, 
279 : Rana, 325 : Salmo 
fario, 249, 250 : Teleostei, 280 
Corpus trapezoideum, Lepus 
cuniculus, 513 

Cortex of brain, Craniata, 101* 
Cortex of kidney, Mammalia, 
677 

Coryphodon radians, 568 
CorypkodontidcB, 568 
Cosmine layer, Actinistia, 288 : 
Bipnenati, 290 : Fishes, 63 , 
64 : Rhipiciistia, 286 
Cosmine resoiption, Bipneuflti, 

293 

Cosmoid scales, 63 : Ciosso- 

pterygii, 65 ; Dipimaiti, 65 : 

Megcdichtkys kibberti, 64 


Costal plate, Ckelone mydas, 
402 : Cistudo lutaria, 401 
Costopulmonary muscles, 
Columba livia, 444 
Cotyledonary placenta, 689* 
Cotyloid bone, Lepus cuniculus, 
499 : Mammalia, 643 
Cotylosauria, 375, 376, 377*~ 
378. 424 

CotylosauYus, 378 
Cow — See Arti<^ctyla 
Cowper’s gland, Lepus cuni- 
culus, 514, 515 : Mammalia, 
^ ^ 77 ^ 

Craig-fluke — See Glyptocepha- 
lus cynoglossus 
Cranes — See Gruidce 
Cranial cavity, Craniata, 66 * : 
Holocephali, 219 : KicBY- 

aspis auckenaspidoides, 127 : 
Lepus cuniculus, 496 : Mam- 
malia, 641 : Metatheiia, 
538 : Sirenia, 612 
Cranial nerves — See Cerebral 
nerves 

Cranial nerve foramina — See 
Cerebral nerve foramina 
Cranial roof, Petromyzon mari- 
nus, 139 : Salmo salar, 245 

Craniata, 60* 

Craniospinal process, Macrop- 
etalicntkys rapheidolabis, 167 
Cranium, Aves, 471 : Chon- 
drostei, 272 : Craniata, 71* : 
Dog-fish, 180 : Holocephali, 
218 ; Homo, 561 : Petro- 
myzon, 137* : Pinnipedia, 
578 : Salmo fario, 240 : 
Urodela, 344 
Cratoselache, 167 
Crax, 461 

Cremaster muscle, Metatheria, 
689 

Creodonta, 518, 576 
Cretaceous, Actinopterygii, 
225 : Amphibia, 333 * Aves, 

455> 456, 486 : Mammalia, 
518, 522, 567: Reptilia, 
424 

Cribriform plate, Homo, 561 : 

Lepus cuniculus, 493 
Cricoid cartilage, Columba 
livia, 443 : Lacerta, 370 : 
Lepus cuniculus, 508 : Rep- 
tilu, 412 

Crista acustica, Craniata, 117* 
Crista galli. Homo, 561 
Crocodilia, 392*, 396, 398, 399, 

400, 402, 407, 409, 41 1, 412, 
413, 414, 415, 416, 422, 423, 

424* 425 

Cfocodilus, 399, 400. 407, 410, 
414 

Cfocodilus porosus, 407 
Crop, Columba livia, 447, 442 
Croiiopterygii, 65 , 79, 152 . 285- 
289' 


Crotalus, 389, 403 , 421 
Crowned Pigeons — See Goura 
Crura cerebri, Canis, 672 : 
Craniata, 98 , 99* : Dog-fish, 
191 : Lacerta, 370 , 371 : 

Lepus cuniculus, 510 , 512 , 
513 : Petrogale penicillata, 
673 : Petromyzon marinus, 
141 : Rana, 326 
Crural pteryla, Columba livia, 
431 : Gypae'tus, 467 
Crus, Lacerta, 365 
Cryptohranchus, 340 
Cryptnri, 472, 475, 486 
Ctenacantkidee, 174 
Ctenacanthus costellaius, 174 
Ctenacodon, 521 
Ctenodactylus, 620 
Ctenodus, 293 

Ctenoid scales, 63, 270 , 271* 
Cubital remex. Apteryx, 466 : 
Columba livia, 4 ^, 431 : 
Opisthocomus, 466 
Cuboid, Brady pus tridactylus, 

630 : Dasypus sexcinctus, 

631 : Equus caballus, 648 : 

Halmaturus ualabatus, 538 : 
1 epus cuniculus, 500 : Ma- 
cropus, 541 : Mammalia, 
646, 648 : Mesonyx, 646 : 
Ornitkorkynchus, 527 ; 

Phalanger, 540 : Sus scrofa, 
648 : Tetrapod, 80 : Tritem- 
nodon agilis, 644 

Cuckoos — See Cuculidee 
CuculidcB, 462 
Cuculiformes, 462 
Cuirass, Coccosieus decipiens, 
162 : Pterickthyodes, 164 
Cumulus proligerus. Mam- 
malia, 680 

Cuneiform, Brady pus tridac- 
tylus, 630 : Chiroptera, 553 ^ 
Equus caballus, 648 : Globio- 
cephalus melas, 582 : Hal- 
maturus ualabatus, 538 : 
Lepus cuniculus, 498 , 499. 
500 : Mammalia, 646 : 
Mesonyx, 646 : Ornitkorhyn- 
ckus, 527 : Papio anubis, 
565 : Sus scrofa, 648 : 
Talpa, 549 : Tapirus indi- 
cus, M 17 : Tetrapod, 80 ; 
Tritemnodon agilis, 644 : 
Ursus americanus, 579 
Curassows — See Crax 
Cursorial foot, 644 

Cutaneous artery, Rana, 321 , 
824 

Cutaneous gland. Mammalia, 
636 ; Rana, 324 
Cutaneous vein, I>og-fish, 188 : 
Epiceratodus forsteri, 300 : 
Rana, ZM 

Cuticle, Amphioxus, 42* 
Cyamodus, 385 
Gyathaspidm, 126, 131 
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Cyathozooid, Pyrosoma, 35* 
Cycloid scales, 63, 271* 

Cyclomyana. 20* 

Cyclopterus, 275 

Oyclostomata, 104, 123, 126. 

i33*-i5i 

Cyclostomi, 126 

Cycloturus, 626, 628, 631 
Cygnus, 461 
CynocephalidcB, 553 
Cynocephalus, 553, 554 

Cynodontia, 882 , 3^4 

Cynognathus, 388, 384 
Cyprinoids, 261 

Cystic artery, Lepus cuniculus, 

503 

Cystic duct, Craniata, 84* : 
Lepus cuniculus, 508, 504 : 
Rana, 819 

Cystic fissure. Mammalia , 669 


D 


Dace, 261 
DactylopteridcB, 269 
Dapedium, 235 
Dapedium politum, 284 
DasypodidiB, 624, 626*, 627, 
C28, 629, 631 
Dasypodoidea* O24 
Dasypus sexcinctus, 624, 627, 
6^,681 


Dasyuridce, 332, 533, 659 
Dasyurus, 532, 534, 589 
Dasyurus viverrinus, 533 
Daubentonia — See Chiromys 
Decidua, Lepus cuniculus, 317 
Deciduate placenta, 688* 

Deer — See Cervoidea 
Dein- — See Din- 


Delphinidce, 584 
Deltatheridee, 543 
Deltatheridium, 345, 656, 637 
Deltatheridium pretriiubercu- 

lave, 544, 655 
Deltatheroidea, 545 

Deltoid muscle, Rana, 817 
Deltoid ridge, Lepus cuniculus, 

498 

Dendrohyrax, 613, 614 
Dendrolagus, 333 
Dental formula, Canida, 663 : 
Dasyurida, 639 : Didelphys, 
659 : Equus, yS^2 : Felidce, 
665 : Hyraooidea, 663 : Ma^ 
cropus, 659 : Mamiiialia, 
658* : Ornithorhynchus, 525 : 

ftoiipedia, 665 : Bodentia, 

665 : SuidcB, 661 : Ursidee, 
665 

Dental groove; Mammalia, 

051 

Dental lamina. Mammalia, ^>50, 


Den^ papilla — See Tooth 
papilla 


Dental sac, MamTiiftlift ^ 651 
Dentary, Acipenser, 272 : 
A pteryx mantelU, 472 : Aves, 
435 : Bony skull, 75 : 
Columba livia, 484, 436, 442 : 
Craniata, 78* : Cynognathus, 
388 : JJimetrodon, 383 : Di- 
plopierax irailli, 287 : Holo- 
ptychius flemingi, 288 : La- 
certa, 361, 362 : Leptolepis 
bronni, 237: Osteolepis macro- 
Icpidoius, 286 : Palaoniscus 
macropomus, 227 : Rana, 
311, 312 : Salmo fario, 236, 
241, 243, 244 : Scymno- 
suchus, 388 : Tropidonotus 
natrix, 408 

Dentinal tubules of placoid 
scale, 64 

Dentine, Craniata, 82*, 88 : 
Mammalia, 650, 651 

Dentine-forming layer, Mam- 
malia, 650 

Dentition — See Teeth 
Depressor muscles, Rana, 316 
Dermal defence, Holocephali, 
218 

Dermal denticles, Centrophorus 
calceus, 199 : Chondrich- 
thyes, 199 Holocephali, 

217 : Lanarkia spinosa, 138 
Dermal fin-rays — See Cerato- 
trichia. Fin-rays 
Dermal fin-spine — See Fin- 
spine 

Dermal horny rays — See Cera- 
totrichia 

Dermal papilla, Mammalia, 685 
Dermal plate, IHplacanthus , 

155 

Dermatochelys, 402 
Dermis, Amphioxus, 42*, 58 : 
Craniata, 63 : Homo, 634 : 
Mammalia, 684 
Dermoptera, 518, 353 
Dermopterotic, Palceoniscus 
macropomus, 227 
Dermosphenotic, Diplopterax 
irailli, 287 : Holoptychius 
flemingi, 288 : Leptolepis 
bronni, ^7 : Osteolepis 

macfolepidotus, 286 : Pcdceo- 
niscus macropomus, 2!Stl 
Derotrematous Urodela, 340 
Desmognathous palate, Aves, 
472 

Desmostyliformes, 61 1 

Desmostylus, 61 1 
Development, Alligator, 417 : 
Amphihia, 352 : Amphioxus, 
52, 58 : Ascidiaoea, 28 , 29 : 
Aves, 478 ; Balanoglossus, 
6 : * Xephalodisous, 10 ; 
Cliondnchth 3 [ 68 , 208 : Cla- 
velUna, 80, 81 : Craniata, 
122 : D<d%olum, 35 : Bn- 
teropnensta, 7 '• Epicerato- 


dus forsteri, 301, $08 : 

Eptatretus siouti, 151 : Holo- 
cephali, 223 : Lepus cuni- 
culus, 516 : Mammalia, 679 : 
Petromyzon, 144 : Pyrosoma, 
33 : Rana, 329, 380, 881 : 
Reptilia, 417 : Salmo fario, 
253, 234 : Salpa, 87 : Tad- 
pole, 381 : Teleostei, 282 : 
Trygon, 213 

Devonian, Acanthodii, 154 : 
Actinopterygii, 225 : Ag- 
natha, 123 : Amphibia, 333 '• 
Anaspida, 131 ’• Antiarchi, 
163 : Arthrodira, 159 : 

Choanichthyes, 285 : Di- 
pneiisti, 290, 291, 293 : 

Paleeospondylia, 1 69 : Peta- 
lichthyida, 167 : Pleuro- 
pte^gii, i73» 174 • Rhena- 
nidi, 167 
Diacodexis, 600 
Diacodon, 345 

Diacoele, Callorhynchus ani- 
arcticus, 221 : Columba 

livia, 442, 449, 450 ; Dog- 
fish, 191 : Holocephali, 231 : 
Lacerta, 370, 371 Lepus 
cuniculus, 512 : Peirogale 
penicillata, 678 : Petro- 
myzon, 14 1 : Tachyglossus 
aculeatus, 678 
Diadectes, 378 
Diadectomorpha, 37^ 
Diadiaphorus, 368, 569, 570, 
645 

Diagnosis — See Classification 
Diaphragm, Craniata, 68* : 

Lepus cuniculus, 500, 502 
Diapsida, 876, 377» 387*-393 
Diasparactus, 878 
Diastema, Lepus cuniculus, 501 
Diatryma steini, 461 
Diatrymilormes, 4^1 
Diazona, 21* 

IHchobune, Ooo 
DichobunidcB, 600 
Pichobunidoidea, 600 
Dicotylidcs — See Tagassuidee 
Dicynodon, 381 

Dicimodontia, 3So*-38i, 884, 

424 

Didactyla, 532 

Didactylous Metatheria, 531 
Didelphodon, 656 
Didelphodus, 545 
Didelphia — See Metatheria 
Didelphyidce, 532, 533 
Didelphys, 532, 637, 659 
Didelphys dorsigera, 685 
Didelphys marsupialis, 660 
Didelphys virginiUna, 588 
Didolodontidoi, 567, 568 
Didymaspis, 129 
Diencephalon, Callorhynchus 
antarcticus, 221 : Chondrioh- 
thyes, 206 : Columba livia^ 



714 


INDEX 


449* 450 ; Oraniata, 67 , 97** 
98 : Dog-fish, 190 : Epi- 
ceratodus forsteri, 300 : Gan- 
oids, 280 ; Holocepliali, 220; 
Lacerta, 371 : Lepidosteus, 
280 : Petromyzon, 142 : 

Petfomyzon marinus, 141 : 
Rana, 325, 326 : Salmo 

fario, 249 : Teleostei, 280 
Diet, Primates, 355 '• Reptilia, 
420 

Diffuse placenta, 689* 

Digastric muscles, Lepus cuni- 
cuius, 497 

Digestive gland, Ascidioi com- 
posites, ^ : Salpa, 25 
Digestive organs. Amphibia, 
347 : Amphioxus, 43* : 

Aves, 477 : Balanoglossus, 
4* : Chondrichthyes, 204 : 
Columha livia, 441, 442 : 
Craniata, 82 ; Epiceratodus 
forsteri, 297 : Holocephali, 
219: Lacerta, 365, 367 : 

Lepidosieiis, 278 ; Lepus 
cuniculus, 501, 503 : Mam- 
malia, 650.: Petfomyzon, 
138 : Rana, 318 ; Reptilia. 
410 : Salmo fario, 247 : 

Teleostei, 275 

Digital remiges, Columha livia, 

431 

Digitigrade foot. Mammalia, 
644, 649* 

Digits, Artiodactyla, 60 t : 

Aves, 473 : Apteryx, 466 , 
475 : ArchcBopteryx litho- 

graphica, 465 : Archceornis 
siemensi, 464 : Camivora, 
579 : Cetacea, 586 : Columha 
livia, 4126 , 427 : Dromeeus, 
475 : Edestosaurus, 389 : 

Felis leo, 579 : Iguanodon 
bernissartensis, 391 : Lemu- 
roidea, 560 : Macropus, 541 : 
Opisthocomus, 466 : Orni- 
ihorhynchus, 527 ; Peiisso- 
dactyla, 691'; Phdlanger, 
540 : Rana, 309 , 315* 3i6 : 
Sphenodon, 399 : Sterna 
wilsoni, 475 : Talpa, 549 : 
Tarsius, 559 

Dilambdodont Insectivora, 54^* 
656 

Dilator rtaris muscle. Rat, 617 
Dimetrodon, 379 , 380, 383 
Dimovphodon, 393 
Dinichthys, 160, 162 
Dmocephalia, 3^« 4^4 
Dinoceras — See Uintatherium 
Dinooerata, 518, 568*. 569 
Dinornis robustus, 459 
Dinornithidee, 458, 471, 475. 
485, 486 

Dinomithiiormes, 458 
Dinosaiiria, 389-391 
Dinotherium, 606, 608 


Dinotherium giganteum, 607 

Dinotheroidea, 605, 606 
Diomedea, 461, 475, 479 
Dioptric apparatus of eye, 

Craniata, 114* 

Diphycercal tail, Actinistia, 
288 : Epiceratodus forsteri, 

293 : Holocephali, 217 : 

Ichthyotomi, 174 : Teleostei, 

272 

Diphyodont dentition. Mam- 
malia, 652* 

Diplacanthides, 159 
Diplacanthus, 155, 158, 159 
Diplacanthus longispinus, 158 

Diplasiocoela, 333 

Diplocaulus, 339 
IHplodocus, 390 
IHplopterax , 287 
Diplopterax trailli, 287 

Dipnepmona, 3<^4* 

Dipneusti, (>5. 74 . 79 . 15^* 

290*— 306 

Dipnoi — See Dipneusti 

Dipodidee, 620 
Diprotodon, 533 
Diprotodon australis, 537 
Diprotodont dentition, Meta- 
theria, 659 : Phascolarctoi 
cinereus, 659 
Diprotodontia, 531. 532 
Dipterus platycephalus, 292 
Dipterus valenciennesi, 290, 

291, 292 

Dipus, 647 

Distalia, Apteryx oweni, 477 : 
Rana, 315, 316 : Tetrapod, 

8i* 

Distinctive characters — See 
Classification 

Distribution, geographical, 
Agamidce, 423: Amphioxides, 
59: Amphioxus, 59: Am- 
phisbaenians, 423 : An- 

guides, 423 : Ajuura, 354 • 
Apteryx, 485 : Ascidia, 38 : 
Aves, 485 : Birds of Para- 
dise, 486 : Bower-birds, 486 : 
Branchiostomides, 59 : Cai- 
man, 423 ; Calamoichthys 
calabaricus, 233 : Carinates, 
486 : Casuarius, 485 : 

Cephalodiscus, ii : Chamce- 
leon, 423 : Chelonia, 4^3 ^ 
Chondrichthyes, 213 : Croco- 
dilia, 423 : Cmituri, 486 : 
Dinornithidat, 486 : Dro- 
mesus, 485 : Eptatretus, 15 1 : 
Fringillida, 486 : Gavial, 
424 : Gecko, 423 : Geotria, 
1 51 • Oinglymodi, 233 : 
Oymnophiona, 354 : Eelo- 
dermides, 423 : Ickthyo- 

myzon, 151 : Iohthyoptery<- 
8ia, 387 : Iguaiias, 423 ; 
Lacertida, 423 : Dacertilia, 
423 : Metatheria, 53^ • Moni- 


tors, 423 : Mordacia, 15 1 : 
Myxine, 151 : Myxinoidea, 
151 : Paramyxine, 151 : 
Penguins, 486 : Penguinus 
impennis, 486 : Petvomyzon, 
1 51 : Polypterini,233 ; Poly- 
pterus, 233 : Protospondyli, 
235 : Psittad, 486 : Pygopidcs, 
423 : Rana, 307 : Ratitrs, 485 : 
Reptilia, 423 : Rhahdopleura , 
II : Rhea, 485 : Salmo 
fario, 236 : Skink, 423 : 
Sphenodon, 423 : Starlings, 
486 : Struthio, 485 : Tapi- 
roidea, 59^ • Tejidcs, 423 : 
Titanotheroidea, 597 : Tro- 
chilides, 486 : Urodela, 354 : 
XenosauridcB, 423 ; Zonu- 
rides, 423 

Distribution, geological, Acan- 
thodii, 154 : Actinistia, 287 : 
Actinopterygu, 225 : JEpyor- 
nis, 485 : Agnatha, 125 : Allo- 
theria,3i8: Amblypoda,3i^: 
Anapsida, 424 : Anaspida, 
131 : Anura, 355 • Amphibia, 
354: Anchilophus, 593: An- 
chitherium, 593 : Archesohip- 
593 ‘ Artiodactyla, 51S • 
Aves, 4^6 : Barytheria, 518 : 
Camivora, 518 : Cetacea, 
51S : Chalicotheroidea, 59^, : 
Chelonia, 424 : Chiroptera, 
518 : Choanichthyes, 285 : 
Chondrichthyes, 172 : Con- 
dylarthra, 518, 566 : Cotylo- 
sauria, 377, 424 ' Creodonta, 
518 : Crocodilia, 424, 425 : 
Dermoptera, 318 : Diapsida, 
424 • Dicynodontia, 4^4 ‘ 
Dinocephalia, 4^4 : Dino- 
cerata, 3^8 : Dipneusti, 290, 
293 : Dromosanria, 4^4 ^ 
Edentata, 318 : Embritho- 
poda, 518 : Epihippus, 593 : 
Eauoidea, 593 : Equus, 593 : 
Euselachii, 175 : Qingly- 
modi, 233 : Hipparion, 593 ; 
Hippidium, 593 ; fiolo- 
cephali, 214, 223 : Hyper- 
hippidium, 593 : Hypo- 

hippus, 593 : Hyracoidea, 
518 : Hyracotherium, 593 : 
Ichthyopterygia, 387^ 4^4 • 
Insectivoi% 518 : Kalohatip- 
pus, 593 : Lophiotherium, 593 : 
Mammalia, 381, 518 : Meta* 
theria, 518, 531, 533 : Mery- 
ckippus, 593 : Mesokippus, 
593 : Miokippus, 593 ; ISfan- 
nippus, 593 : Neohipparion^ 
583 : Onokippidium, 593 : 
Oridthisohia, 4^4 * Orohip- 
593 : Pachynolophus, 
593 : Paiesotkerium, 593 : 
Pantoth^, 518 : Periisb^ 
dad]da, 318 : Pmakippuz, 
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593 : Felycosauria, 424 ^ 
Petalichthyida, 167 : Pholi- 
dota, 518 : Plagiolophu^i , 
593 : Plesippus, 593 ; Plin- 
hippus, 593 : Primates, 51^: 
Proboscidea, 51^ : Propachy- 
nolophus, 593 : Propalcro- 
iherium, 593 : Protokippu^, 
593 : Protospondyli, 235 : 
Protoiheria, 5x8: Ptero- 
dactyla, 424 ^ Reptilia, 
424 : Bhynohocephalia, 42^ : 
Rhynchosauria, 424 Roden- 
tia, 5x8 : Saurischia, 424 ^ 
Sanropterygia, 424 ^ Sirenia, 
518 : Squamata, 424 ; Sym- 
metrodonta, 5x8 : Synapsida, 
424 : Tseniodontia, 5x8 : 
Tapiroidea, 596 : Theco- 
dontia, 424 • Theriodontia, 
424 : Tillodontia, 5x8 : 

Titanotheroidea, 598 : Tri- 
conodonta, 5x8 : Tubuli- 
dentata, 5x8 

Divergent adaptation — See 
Adaptive radiation 
Divers — See Colymbus 
Diverticulum, oesophageal — 
See Notochord 
Dodo — See Raphus 
Dog — Sec Canis familiaris 
Dog-fish, 66, 177-198, 205 
Dolchinia, 20* 

Doliolida, 20* 

Doltolum, 20*. 24*, 25, 27, 35, 

36. 37, 30 

Dolopichthys dance, 267 
DolopicMhys hetev acanthus, 267 
Dolopichthys luetheni, 267 
Dolphins — See Delphinidce, GlO’^ 
biocephalus, Lagenorhynchus 
Dorsal aorta, Amphioxus, 46, 
47*. 58 : Ave8,446 : Coluni'- 
ha livia, 447, 448 : Craniata, 
67 : Dog-fish, 187, 188 : 
Epiceratodus forsteri, 299 : 
Fishes, 89, 90*: Lacerta, 
367, 368, 369 : Lepus cuni- 
cuius, 602.603.506,507,508. 
688 : Petromyzon marinus, 

139, 144 : Rana, 321, 324, 
328 : Salatnandra, 348 
Dorsal dilatation of brain, 
Amphioxus, 49 

Dorsal disc, Pteraspis rostrata, 

132 

Dorsal fin, Acipenser ruthenus, 
230 : Aotinistia, 288 : Amia 
calva, 235 : Chondrichthyes, 
198 : Craniata, 67 : Dog- 
fish, 178: Echeneis, 268; 
Fisfiing-frog, 268 ; Gadus 
morrhua, 260 : Glyptoceph- 
alus cynoglossus, 269 • H 
cyclaspis murchisoni, 127 : 
Hippocampus, 269 : Holo- 
219 : Labfichthys 


psittacula, 260 : Lepidosteus 
platystomus, 233 : Lophius, 
268 : Ostracion, 261 : Salmo 
fario, 236 , 237, 245, 248 : 
Sebastes percoides, 2 i 60 : Tele- 
ostei, 268 

Dorsal fissure, Amphioxus, 49 : 

Craniata, 96 

Dorsal ganglion, Craniata, 97* 
Dorsal lamina, Ascidia, i()*, 
17 , 18 , 19 : Ascidians, 23 : 
Salpa democratica, 24 
Dorsal nerve, Ascidia, 19 : 
Balanoglossus 3 : Entero- 
pneusta, 6* : Ptychodera 
bahamensis, 5 

Dorsal plate, Drepanaspis ge- 
muendenensis, 133 : Ptera- 
spis rostrata, 131, 132 
Dorsal pyramid, Lepus cuni- 
culus, 511 

Dorsal sinus — See Heart 
Dorsal spine, Pteraspis rostrata, 

132 

Dorsal tubercle, Ascidia, 18*, 
19 : A scidice simplices, 2 7 : 
Doliolum, 24 

Dorsal vessel, Ascidia, 16 : 
Balanoglossus, 3 : Entero- 
pneusta, 6 : Ptychodera ba- 
hamensis, 5 

Dorsolumbar vein, Rana, 322 
Dorsolumbar vertebrae, Artio- 

dactyla, 587 

Dorudon, 583 
Dorudontidee, 583 
Doves — See Turtur 
Down-feathers — See Plumulae 
Draco, 400 
Draco volans, 420 
Drepanaspidee, 126, 131 
Drepanaspis gemuendenensis, 

133 

Dromaeognathous palate, Aves, 

472 

Dromceus, 457, 475, 485 
Dromosaoria, 3 ^ 0 * 4^4 
Duckbilled Platypus — See 

Orniihorhynchus anatinus 
Ducks — See Anas 
Ductless glands. Columba livia, 
443 : Craniata, 85*. 122 : 
Lepus cuniculus, 509 
Ductus Botalli. Amphibia, 
349* : Salamandra, 348 
Ductus caroticus. Lacerta, 368 
Ductus Cuvieri — ^See Precaval 
sinus 

Ductus endolymphaticus — See 
Endolymphatic duct 
Ductus venosus. Mammalia, 669 
Dugong, 610, 61 1 
Dugong australis, 611 
Duodenal artery, Lepus cuni- 
culus, 503 : Rana, 321 
Duodenal pouches, Blammalia, 
666 
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Duodenal vein, Lepus cuni- 
culus, 508 : Rana, 322 
Duodenohepatic artery, J.epus 
cuniculus, 503 

Duodenohepatic omentum, 
Lacerta, 366 : Pan a, 319 
Duodenum, Columba livia, 442, 
443: Dog-fish, 184: Lacerta, 
367: Lepus cuniculus, 502, 
503: Mammalia, 666: Pecora, 
667 : Phoccena, 668 : Rana, 
318, 319 : Salmo fario, 247, 
248 

Buplicidentata, 5x7, ^516, 618 
Dura mater, Craniata, 101* 


E 

Eagle Rays, 177 — See also 
Myliobatidee 
Eagles — See Aquila 
Ear, Chondrichthyes, 206 ; 
cQolumba livia, 450, 451 : 
Craniata, 61, 62, 116 : Dog- 
fish, 194 : Homo, 676 : La- 
certa, 373 : Lepus cuniculus, 
5x4: Mammalia, 675 : Myx- 
ine, 150 : Petromyzon, 144 : 
Rana, 325, 827 : Reptilia, 
416 ; Salmo fario, 252 
Ear, rudimentary, Epicera- 
todus forsteri, 303 
Ear-drum — See Tympanic 

membrane 

Eared Seals — See Otariidee 
Eedysis, Reptilia, 398 
Echeneis, 268 

Echidna — See Tachyglossus 
Echidnidee — See T achyglos- 

sidcD 

Echinodermata, affinities with 
Hemichorda, ii 

Echinopcediuni, 12 
Eciocion, 566, 567 
Ectoconus, 567 

Ectocuneiform, Cervus elaphus, 
647 : Dasypus sexcincius, 
631 : Equus caballus, 648 : 
Lepus cuniculus, 500 : Mam- 
malia, 646 ; Mesonyx, 646 : 
Orniihorhynchus 527 : Pha- 
langer, 540 : Sus scrofa, 648 : 
Tetrapod, 80 : Tritemnodon 
agilis, 644 

Ectoderm, Amphioxus, 53, 54 : 
Ascidia, 19 : Chou^ch- 
thyes, 210 : Clavellina, 30, 
31 : Lepus, 686 : Mammalia, 
682 : Petromyzon, 146 : Pri- 
stiurus, 209 : Rana, 329, 
330: Reptilia, 4x7- Salmo 
fario, 254 

Ectodermal villi, Lepus, 686 
Ectoethmoids, Apteryx man- 
telli, 472, 473 : Aves, 47x • 
Bony skull, 75 ; Columba 
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Hvia, 436, 450 ; Craniata, 
76* ; Homo, 676 : I.acerta, 
373 ; Mammalia^ 669 : 
Salmo fario, 242, 644 
Ectoloph, 657 : Perissodaotyla, 
5B9 

Ectopterygoid , lohthyostega, 
664 : Lacerta, 661, 362 : 
Leptolepis bronni, 2S7 : 
Oi^di^ 404 : Sphenodon, 
494 : Thrinaxodon liorhinus, 
882 : T ropidonoius natrix, 406 
Ectopterygoid fossa, PHlocer- 
cus lowii, 648 

Ectotympanic, Hammalia, 641 
Edentata, 51 B 
Edestida, 173, 174 
Edestosaurus, 689 
Eels, 258, 262. 284 
Efferent branchial arteries, 
Amphibia, 349 : Amphioxus, 
47* : Dog-fish, 187, 188 : 
Fishes, 89, 90* 

Efferent renal vein, Columha 
Hvia, 447 : Laceria^ 368 : 
Sahno fario, 268 
Eggs — See Ova 
Egg-shell, Aves, 479 : Callo- 
rhynchus, 223 : Callorhyn- 
chus antarcticus, 224 : Chon- 
driohthyee, 208 : Dog-fish, 
197, 198: Callus hankiva, 
480 : Heterodontus galeaius, 
208 : Holocephali, 223 : 
Rhinobatus, 208 ; Trigono- 
rhina, 208 

Eighth cranial nerve — See 
Auditory nerve 
Elcxhoceras, 669 
Elaeoblast of Salpa, Z1 
Elaamobranchii — See Chond- 
lichthyes 
Elasmodus, 216 
Elasmognathus bairdi, 596 
Elasmognathus dowi, 596 
Elasmotherium, 596 
Electric Cat-fish— See Mala- 
pterurus 

Electric Eel, 261 
Electric field nerves, Kicera- 
spis auchenaspidoides, 177 
Electric lobe of medulla ob- 
longata, Chondriohthyes, 
204, 206 : Torpedo, 204 
Electric organs, Astroscopus, 
275 : Cephalaspis, 127 : 

Chondriohwes, 203 : Elec- 
trophorus electricus, 276 : 
Malapterurus, 275 : Hemi- 
cyclaspis murchisoni, 127 : 
Teleostei, 275 : Torpedo, 
127..204 : Tremataspidce, 130 
Electric l^ys — See Eaxcoba* 
toldea, Hypnarce, Torpedo 
Elecirophorus electricus, 276 
Elephant — ^See Elephas, Loxo- 
donta 


Elephantoidea, 606. 6o8^ 
Elephas, 6^, 635, 660 
Elephas maximus, 606, 608. 
610 

Elevator muscles, Rana, 316 
Eleventh cranial nerve — See 
Spinal Accessory nerve 
Elonichthys, 268 

Embolomeri, 335 
Embolomerous vertebra. Am- 
phibia, 367 : Labyrintho- 
dontia, 333 

Embolotherium, 598 

Embiithopoda, 51B, 615 
Embryo, Alligaior, 417 : Am- 
phioxus, 54 : Apteryx oweni, 
477 : Ascidian, 81, 32 : 
Callorhynchus antarcticus, 

224 : Chondrichthyes, 210, 
212 : Craniata, 68, 69, 71, 
98 : Dog-fish, 211, 218 : 
Callus hankiva, 477, 481, 
482 : Hypsiprymnus rufe- 
scens, 690 : Ichthyophis 
glutinosa, 863 : Lepus, 682, 
683, 686 : Lepus cuniculus, 
616 : Maminiuia, 681, 684 : 
Perameles obesula, 691 ; 

Petromyzon, 145, 146 : Pha- 
scolarctos cinereus, 690 : 

Pristiurus, 209 : Rana, 126, 
829, 330, 361 ; Kay, 211 : 
Reptilia, 417 : Salmo fario, 
258, 254 ; Salmo salar, 71 
Embryonal knot. Mammalia, 
681 

Embryonic area, Chondiich- 
thyes, 209 : Lepus, 982 : 

Mammalia, 684 

Embryonic blastoderm, Aves, 

482 : Mammalia, 682, 684 
Embryonic ectoderm. Mam- 
malia, 6B2 

Embryonic membranes, Aves, 

483 

Embryonic mesoderm. Mam- 
malia, 684 

Embryonic rim, Chondrich- 
thyes, 209 ; Pristiurus, 209 : 
Alligator, 417 

Embryonic shield, Aves, 481 : 
Lacerta, 418 : Mammalia, 
682 : Beptilia, 418 
Emu — See Dromeeus 
Emys europaa, 406, 409, 411 
Enaliornis, 455 

Enamel of teeth, Craniata, 82*, 
86 : Lepus cuniculus, 501 : 
Mammalia, 660, 661 
Enamel-membrane, MaititnidiA- 
650, 651 

Enamel-organ, Craniata, 83* : 

Mammalia, 650 
Enamel-pulp, 661 

Encephaloccele, A mpkioxus, 

44,49* 

End-buds, Craniata, 109* 


Endochondral ossification, 

Craniata, 74 * 

Endocranium, Cephalaspis, 

128 

Endoderm, Amphioxus, 66, 
64 : Ascidia, 19 : Aves, 
481 : Chondrichthyes, 209, 
210 ; Clavellina, 60, 61 ; 
Lepus, 686 ; Mammalia, 
681, 682 : Petromyzon, 146 ; 
Pristiurus, 209 : Rana, 860 : 
Salmo fario, 264 
Endolymph, Craniata, 117* : 
Dog-fish, 195 

Endolymphatic duct, Callo- 
rhynchus antarcticus, 220 : 
Chondrichthyes, 200, 206 : 
Climatius reticulatus, 166 : 
Craniata, 117* : Dog-fish, 
i8i*, 195: Epipetalichthys 
ivildungensis, 166 : Lacerta, 
873, 374 : M acropetalichthys 
rapheidolabis, 167 
Endolymphatic fossa, Macro- 
petalichthys rapheidolabis, 
167 


Endolymphatic sac, Myxine, 
160 : Petromyzon, 144 
En^iterygoid, Sphenodon, 


Endoskeleton, Amphibia, 342 : 
Columha Hvia, 431 : Cra- 
niata, 68* : ^iceratodus 
forsteri, 295 : Holocephali, 
218 : Lacerta, 358 : Mam- 
malia, 637 : Rana, 308 : 
Reptilia, 398 : Salmo fario, 
238 : raeostei, 271 
Endostyle, Amphioxus, 41, 43. 
66 : Ascidia, 14, 15*. 17, 
86 : Ascidiee composita, 26 : 
Ascidian larva, fA : Dolio- 
lum, 24, 25* : JDoliolum 
larva, 66 : Enteropnensta, 
8* : Salpa, 26, 87 : Salpa 
democratica, 24 
Endothiodon, 381 
Entelodontida, 600 
Entelonychia» 571 
Entepicondylar foramen, Xeih 
arthra, 629 

Enteric canal, Amphib ia, 347 : 
Amphioxus, 66 : Appendi- 
cularia, 26* : Ascidia, 16* : 

Aves, 477 ** Craniata, 82* : 

Epiceratqdus forsteri, 297 : 
Rana, 624 

Enteric cavity, Petromyzon, 

146 


Enterocoele, Amphioxus, 54* 
Enterocoelic pouches — Coe- 
lomic ponies 
Enteron, Rana, 860 
Snterwmsta, 3*-8 
Entoconid molar, Mammalia. 
654* 

Entocuneiform, Dasypus sex- 
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cinctus, 681 : Equus cabal- 
lus, 648 : Lepus cuniculus, 
500 : MacYopus, 541 : Mam- 
646 : Mesonyx, 646 : 
Tetrapod, 80 : Tritemnodon 
agilis, 644 

Entoplastron, Chelonia, 401 : 

Cisiudo lutaria, 401 
Entotynn>anic, PtilocercUs 
lowii, 548 
Eoanihropus, 559 
Eobasileus, 569 

Eocene, Av68, 4G1, 486 : Mam- 
malia. 518, 566, 567, 568, 
571* 572. 573. 577. 581. 583. 
588, 589. 591. 592. 593, 594. 
596, 598, 600, 606, 609, 61 1, 
615, 616, 620, 623, 624 
Eodelphis cuileri, 533 
Eogyrinus, 337 

Eohippus — See Hyracotherium 
Eomor^us, 599 
Eotherium — See Eotheroides 
Eotheroides, 61 1 
Eotiianops, 600, 598 
Ependyme, Craniata. 99* 
Epiboly, Rana, 329 : Salmo 
fario, 254 

Epibranchial arteries. Dog-fish, 
187, 188 : Epiceratodus for- 
steri, 299, 300 

Epibranchials, Acanikodes, 
167: Acipenser, 272: Bony 
skull, 75 : Cartilaginous 
skull, 72 : Columha livia, 
486 : Craniata, 74* " 
fish, 180, 182, 187 : Salmo 
fario, 244 

Epicentrals, Teleostei, 271 
Epiceratodus, 290, 293 
Epioematodus forstee , 293*- 
303 

Epicoele, Chondrichtliyes, 206 : 

Craniata, 98 : Dog-fish, 191 
Epicoracoids, Anura, • 
Bombinator, 347 : IJyla, 
347 : Lacerta, 859, 363 ^ 
BKammalia, 643 • Ornitho- 
rhynchus, 527 : Prototheria, 
529: Rana, 814, 315. 818, 
347 

Epidermis, Ascidia, 17 : 
Amphioxus, 42* : Craniata, 
68 : Mammalia, 685 : 

Ptychodera bahamensis, 5 : 
Salmo fario, 238 
Epididymis, Eallorhynchus ant- 
arcticus, 222 : Chond- 

tidlthyes. *<>7 ^ Dog-fish, 
196, 197 : Holooephali, 222 ; 
La(:«rt<i.887,874,375: 1-epus 
cuniculus, 515 : Mam m al i a, 
<>77 

Eoigastric artery, I.epus cum- 

atlus, 506 . 8 OT 

Epigastric vein, AmpmDla, 
349 : Cblumba livia, 447, 


448 : Dog-fish, 188 : Epi- 
ceratodus forsteri, 300 : La- 
certa, 867, 368 ; Lepus cuni- 
culus, 506, 507 : Mammalia, 
670 : Rana, 822, 323. 824 : 
Salamandra maculosa, 850 
Epiglottis, Cetacea, 671 : Lepus 
cuniculus, 502*, 508 : Mam- 
malia, 667, 671 
Epigonichthys, 40* 

Epihippus, 593 

Epihyal, Bony skull, 75 : 
Cartilaginous skull, 72 : 
Chimcsra monstrosa, 218 : 
Craniata, 73* : Holocephali, 
219: Mammalia, 639 : Salmo 
fario, 243, 244 
Epineurals, Teleostei, 271 
Epiotic, Aves, 435 : Columba 
livia, 435 : Craniata, 75* •' 
Lacerta, 360 : Mammalia, 
640 : Proteus anguinus, 844 : 
Salmo fario, 241, 242, 244 
Epiotic process, Salmo fario, 242 
Epipctalichthys, 167 
Epipetalichihys wildungensis, 
166 


Epipharyngeal groove, Amphi- 
oxus, 44* 

Epiphysis — See Pineal organ 
Epiplastron, Chelonia, 401 : 

Cistudo lutaria, 401 
Epipleurals, Teleostei, 271 
Epipterygoid, Lacerta, 361, 
3O2 : Thrinaxodon liorhinus, 
^2 

Epipubic process, Chond- 
richthyes, 203 

Epipubis, Halmaturus uala- 
batus, 588 : Lacerta, 864, 
365 : Metatheria, 531. 540 : 
Ornithorhynchus, 627 : Pro- 
totheria, 530 : Salamandra, 
846 : Sphenodon, 408 : 

TTrodela, 347 * Xenopus, 347 
Episternum, Chelonia, 408 : 
Cistudo lutaria, 401 : 
Crocodilia, 409 : Dicynodon- 
tia, 381 : Lacerta, 859, 363 : 
Ornithorhynchus, 627 : 

Plesiosaurus, 8^ : Proto- 


theria, 526, 529 : Stego- 
cephala, 347 

poicotherium, 624 
ptatretus, 148-151 
ptatretus cirratus, 148 
ptatretus stouti, 151 
quidcB, 589, 595 
quilibration organ, Craniata, 
117* 

quoidea, 589, 59i*~595 
'quus, 588, 590, 592, 593. 640, 


Equus asinus, 595 
Equus burchelli, 1 ^ 
Equus cabaUus, 648 
Equus hemionus, 595 


Equus hemippm, 595 
Equus onager, 595 
Equus prezevalskii, 595 
Ericiolacerta, 384 
Erinaceidis, 545 

Erinaceoidea, 545 

Erinaceus, 545, 678, 687 
Eryops, 337 
Esoterodon, 381 
Esthonyx, 6i6 

Ethmoid, Aves, 471 : Lacerta, 
861 : Lepus cuniculus, 493, 
495 : 'I'ropidonotus natrix, 

403 

Ethmoidal plane, Canis, 642 ; 
Homo, 561, 642 : Lemu- 
roidea, 5 G 3 ^ Mammalia, 641 
642 : Papio, 642 : Phasco 
larctos, 6 ^ : Primates, 5G3 
Ethmoid lateralis nerve, 
Craniata, 102 

Ethmoturbinal, Lemuroidea, 
556 : Lepus cuniculus, 493. 
495, 502 : Manatus senegal- 
ensis, 612 

Ethology, Amphibolurus, 420 : 
Amphioxus, 42 : Amphis 
baenians, 419: Aves, 486: 
Chameeleon, 419 : Chelonia, 
422 : Chlamydosauru^ , 420 : 
Chondrichthyes, 213 : Cro- 
codilia, 422 : Epiceratodus 
forsteri, 293 : Flying 

Lizards, 420 : Gecko, 419 : 
Lacertilia, 419 . 420 : Ophi- 
dia, 421: Rana,^oy: Bep- 
tUia, 419 : Skink, 419 : 
Sphenodon, 422 
Encreodii, 577 
Eudyptes antipodum, 460 
Eudyptes pachyrhynchus, 471 
Eugnathidee, 235 
Eumantellia, 381 
Eunotosaurus, 379, 424 
Eupkanerops, 13 1 
European Badger — See Meles 
taxus 

Eurylamides, 462 
Eurynotus crenatus, 65 
Eurypygido, 461 
EuseuicMi, 152, i75*-2i4 
Eustachian tube. Apteryx 
mantelli, 478 : Carnivora, 
577 : Columba livia, 451 : 
Felis tigris, 578 : Homo, 
676 : Lacerta, 373 : Lepus 
cuniculus, 502 : Mammalia, 
676 : Rana, 818, 32G. 827 : 
Ursus ferox, 679 
Eustachian tube aperture, 
Anashoschas,^Z X Columba 
livia, 442 : Homo, 675 : 
Lepus cuniculus, 494 : 
Piilocercus lowii, 548 
Eustachian valve, Lepus cuni- 
culus, 504, 505 : Mammalia, 
670 
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Eusthenopteron, 287 
Euthacanthus macnicoli, 158 
Eutheria, 517. 54i-3. 678 
Evolution, Bauriamoipha, 
384 ; Cyiiodontia» 384 • 
Eauoidea, 591 : Equus, 592 : 
Eutheria, 541^ 54^ < €k>rgo- 
nopsia, 384 : Mammalia, 
519 * 542 : Mastodontoidea, 
609 : Neopterygii, 255 : Pri. 
mates, 554* 555 ^ Reptilia, 
375 : Therocephaliat 384 

Excretory organs — See Urino- 
genital organs 

Exoccipital, A nas boschas, 
478 : Apteryx mantelli, 472, 
473: Aves, 435: Bony 

'skull, 75 : Chelone mydas, 
406 : Columba livia, 434, 
435 '• Craniata, 75* • Crota- 
lus, 403 : Dasypus sexcinc- 
tus, 627 : Emys europcea, 
405 : Globiocephalus, 582 : 
Homo, 561 : Ichthyophis 
glutinosa, 345 : hacerta, 
360, 361 : Lepus cuniculus, 

491 > 493* 495 : Mammalia, 
639 : Manatus senegalensis, 
612 : Msnrmeoophaga, 627, 
628 : Petrogale penicillata, 
540 : Phascolomys wombat, 
539 : Proteus anguinus, 
844 : Rana, 309, 311 : 
Salmo fario, 241, 244 : Tro- 
pidonoius natrix, 403 

Exoccipital condyle — See 
Occiptial condyle 
ExocoetidcB, 269 
Exocoetus, 263 

Exoskeleton Amphibia, 342 : 
Amphisbaenians, 397 : Cai- 
man, 398 : Columba livia, 
427 : Cmniata, 68* : Croco- 
dilia, 398 : File-fish, 271 ; 
Globe-fish, 271 : Lacerta, 
358 : Polyodon, 270 : Rep- 
tflia, 397 : Salmo fario, 
238 : Skincoids, 397 : 

Teleostei, 270 

Extensor muscles, Columba 
livia, 441 : Rana, 31 6*, 
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External auditory meatus, 
Canis familiaris, 578 : Car- 
nivora, 577* 578 : Fdis 
tigris, 578 : Lepus cuniculus, 

492 : Mammalia, 641 : Myr- 
mecophaga, "827 : Ursus 
ferox, 579 : Xenarthra, 627 

External carotid artery — See 
Carotid arteries 
External characters, A mphi- 
oxus, 40 ; Axiisra, 34 ^ « Chon- 
driehtbyes, 198 : Columba 
Uvia, 462 : Craniata, 60 ; 
I>o^-fish, 177 : Eels, 262 : 

' Epiceratodus forsteri, 293 : 


Fishing-frog, 262 : Oym- 
nophiona, 341 : Hippopota- 
mus, 692 : Holocepmui, 215 : 
Hypotremata, 198 : Laby- 
rinthodontia, 341 * Lemuroi- 
dea, 559 : Lepus cuniculus, 
488 : Lacertilia, 357 • Mam- 
malia, 633 : Necturus 

maculatus, 339 : Neomithes, 
465 : Ornithorhynchus ana- 
tinus, 524 : Peoora, 692 : 
Perissodactyla, 692 : Pleuro- 
tremata, 198 : Rana, 308 : 
Rhinoceros, 693 : Reptilia, 
39 3 : Salmo fario, 236 : Suidcr, 
092 : J'achyglossidcB, 52O : 
Teleostei, 262 : Urodela, 339 
External elastic membrane, 

Craniata, 68, <>9* 

External gills, Amphibia, 87*, 
348 : Necturus maculatu '^, 

^9 : Protopterus, 305 : 
Salamandra, 

External nares. Apteryx man- 
telli, 472 : Craniata, 61 : 
Diplopterax trailli, 287 : 
Emys europcea, 405 : Epi- 
ceratodus forsteri, 295, 296 : 
Epipetalichthys wildungensis , 
I06 : Eptatreius cirratus, 
148 : Globiocephalus, 582 : 
Holoptychius flemingi, 288 : 
I chihyostega, 334 : Lacerta, 
861, 362, 369 : Macru- 

petalichthys rapheidolabi^, 
167 : Myxine glutino ,a, 
148 : Osteolepis macrolepi- 
dotus, 086 : Petromyzon 
fluviatilis, 184 ; Petromyzon 
marinus, 135, 136, 139: 
Prototheria, 528 : Rana, 
325 : Salamandra atra, 345 : 
Scaphognathus, 393 : Sirenia, 
612: Sphenodon, WL I Iri- 
tylodon longceuus, 519 
External plates, Epipeta- 
lichthys wtldungensis, I06 
Extemobasal plates, Coccosteus 
decipiens, idl, 162 : Heteros- 
teus, 168 : Homosteus 

milleri, 162 

Extrabranchial cartilages, 
Chondxichthyes, 202 ; Dog- 
fish, 183 

Extracolumella, Apteryx 

mantelli, 472, 473 : Columba 
livia, 436, 487 : Rana, 313 
Extraembryonic blastoderm, 

Aves, 482 

Extrascapulars, Diplopterax 
trailli, 287 : Holoptychius 
flemingi, 288 : Lepiolepis 
bronni, 257 : Osteolepis 
macrolepidofus, 286 : Palao- 
‘ niscus macropomus, 
Extrastapedial, Columba livia, 
487 


Eye, Amphilda, 35 x : Ascidia, 
83 : Chondrichthyes, 206 : 

Columba livia, 427, 450, 

451 : Craniata, 61, 62, 112*- 
1 16 : Dog-fish, 194, 213 : 
Epiceratodus forsteri, 808 : 
Glyptocephalus cynoglossus, 
289 : Homo, 111 ; Lacerta, 
373 : Lemuroidea, 560 : 

Lepus cuniculus, 514 : 

Mammalia, 675 : Myxine, 
150 : Petromyzon fluviatilis, 
184, 148 : Proteus, 351 : 
Rana, 325 : Reptilia, 415 : 
Salmo fario, 236, 251, 052 ; 
Salpa, '25, 27 

Eye-lashcs, Mammalia, 635 
Eye-lids, • Dog-fish, 194 : 

Mammalia, 675 

Eye-muscles, Dog-fish, 192, 
194 : Skate, 115 
Eye-spot, Amphioxm, 44, 49, 
50*, 56 ; Tornaria, 7, 8* 


F 

FABELLii£, Lepm cuniculus, 
499 

Facial nerve, Aniia calva, 

108 : Craniata, 102, 104 ’*' : 
Cyclostomata, 104 : Doig-fish, 
190, 192, 193 : Epiceratodus 
forsteri, 300 ; Gnatho- 
stomata, 104 : Petromyzon, 
142 

1 ^'acial nerve foramen, Apteryx 
mantelli, 472, 478 : Dog- 
fish, i8t : Lepus cuniculus, 
495 : Salamandra atra, 345 
h^acial region, Camivora, 577 
Facial vein. Dog-fish, 188: 

Lepus cuniculus, 507 
Falco, 461 
Palconiformes, 

Falcons — See Falco 
Fallopian tube, Didelphys 
dorsigera, 685 : Erinaceidm, 
678 : Eutheria, 678 : Lepus 
cuniculus, 515, 516 : 

Ifammalia, 679 : Phas- 
colomys wombat, 685 
False amnion— ^e Chorion 
Fasciae dentatae. Mammalia, 
673 

Fascia of myomere, A mphioxus, 

46,58 

Fat-bodies — See Adipose body 
Feather-follicle, 429, 480- 
Feather-germ, 429, 480 
Feather-papilla, 428, 429, 480 
Feather-pulp, 429, 41^ 
Feather-tracts — See Pterylae 
Feathers, Aves, 43Q, 466 : 
Casuarius, 468 : Columba 
livia, 425, 

Felida, 573, 575, 66s 
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Felts, 664 
Felis leo, 579 
Felis ii^ris, 678 

Feloidea— Sec iEluroidea 

Femoral artery, Columha hvia, 
^447, 448: Lacerta, 367 
Femoral pteryla, ( olumha 
livia, 431 

Femoral vein, Columha livia, 
447, 448 : Dog-fish. 188 : 
Lacerta, 367, 368 ; Lepus 
cunicuhis, 607 : Rana, 322, 

Femur, Apteryx oweni, 477 : 
Cetacea, 587 : Cistudo 

lutaria, 401 : Columha livia, 
438, 439 : Crocodilus, 399 : 
Halmaiurus ualahatus, 638 : 
Lacerta, 365 : Lemuroidea, 
556 : Lepus cunicttlus, 499 : 
Ornithorhynchus, 627 : Peris- 
sodactyla, 587 •’ Pinnipedia, 
581: ]^ototheria, 53(>: Rana, 
309 : Spkcnodon, 399 : 
Tctrapod, 79 *, 80 : Xenarthra, 
631 

Fenestra ovalis, Crotalus, 403 : 
Lacerta, 363, 373 : Lepus 
cunicuhis 494 : Mammalia, 
676 : Rana, 311, 327 : Sala- 
mandra atra, 346 : Tropi- 
donotus natrix, 403 
Fenestra rotunda, Lacerta, 
373 : Lepus cuniculus, 494 : 
Mammalia, 676 

Fertilisation — See Impregna- 
tion 

Fibula, Apteryx oweni, 477 : 
Bradypus tridactylus, 630 : 
Chiroptera, 553 : Cistudo 
lutaria, 401 : Columha livia, 
439 : Crocodilus, 399, 410 : 
Fmys europcea, 409 : 
Equoidea, 591 : Halmaturus 
ualabatus, 638 : Insectivora, 
550 ; Lacerta, 366 : Lepus 
cuniculus, 499 : Mammiuia, 
643 : Metatheria, 54 ^^ : 

Ornithorhynchus, 527 : 

Phalanger, 540 t Pinni- 
pedia, 581 : Primates, 5^6 : 
Prototheria, 53 ^ • sphenodon, 
399 ; Tetrapod, 79*, 80 : 

Xenarthra, 631 

Fibulare, Apteryx oweni, 477 : 
Crocodilus, l Rana, 316: 
Sphenodon, 408: Tetrapod, 

8i* 

Fila olfactoria, Craniata, 103* 
File-fish, 261, 271 
Filoplumes, Aves, 4^8 : 

Columha livia, 428, 429 
Filum tenninale, Rana, 
325 

Fimbria, Lepus cuniculus, 512 : 

Phascolomys wombat, 685 
Finches— See Fringillida, 48C 


iM'nfools - See 1 leliornithidcB 
Finlets, Polypierus bichir, 232 : 

Teleostei, 208 

Fin-rays, Amphioxus, 41, 43*, 
44 : Chondrichthyes, 200, 
203 Craniata, 67, 77, ^9* • 
Dog-fish, 183 : Ichthyotomi, 
174 : Palceospondylus gunm, 
170 : Petromyzon marinus. 
144 : Pleuracanihus decheni, 
176: Pleuropterygii, 173: 
Polypierus 269, 274: Rita 
huchanani, 269 : Salmo fario, 
240, 245, 246, 247, 248 
bins, Acanthodii, 154 : Aci- 
penser ruihenus, 230 : 
Actinistia, 288 ; Actinop- 
terygii, 78, 79 : A mia calva, 
235 : Amphioxus^ 40*, 41, 
44, 56 : Anaspida, 1 3 <^ : 
( eratodus, 78 : Chondrich- 
thyes, 79, 198, 203 : Chond- 
rostei, 231 : Cladodu^, 78 : 
Cladoselache, 78, 79 : 

CoBlolepida, 133 : Craniata, 
61, 62, 67, 77, 78. 79: 
Crossopterygii, 79 : Dactyl- 
opteridee, 269 : Dipneusti, 
79, 290 : Dog-fish, 66, 178, 
183, 184 : kchencis, 268 : 
Eptceratodus forsteri, 293, 
294 , 297 : Euselachii, 175 : 
ExocetidcB, 269 : Flying- 

fishes, 263, 269 : Flying 

Gurnards, 269 : Gadus 

morrhua, 260 : Ganoids, 269 : 
Gemuendina, 168, 170 : 

Ginglymodi, 233 : Glypto- 
cephalus cynoglossus, 269 : 
Hemicyclaspis murchisoni, 
127 : Hemiscy Ilium, 178 : 
Heterosomata, 269 : Hippo- 
campus, 259 : Holocephali, 
217, 219: Hypotremata, 

175: Ichthyotomi, 174 : Isos- 
pondyli, 269 : Labrichthys 
psitiacula, 260 : Laugia, 
288 : Lepidosteus platy- 

stomus, 233 : Lophius, 268 : 
Myxine, 149 : Ostracion, 
261 : Palseoniscoidei, 227 : 
PalcBOspondylus gunni, 170 : 
Petalichthyida, 165 : Petro- 
myzon, 135, 138 : Pleur- 

acanthus, 78, 79 : Pleur- 
acanthus decheni, 175 : 
Pleuropterygii^ 173 : Pleuro- 
tremata, 175 : Polypterini, 
79. 5^33 : Polypierus bichir, 
232, 274 : Protospondyli, 
235 : Pfotopterus, 806 : 

Pteiaspidomorphi, 1 3 ^ : 
Pterichthyodes, 165 : Rhipid- 
istia, 285 : Rita buchanani, 
259 : Salmo fario, 236, 237, 
238, 240, 245, 246, 247» ^ * 
SebasUspercoides, 2 ^\ Teleo- 
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stei, 268, 269, 271, 275 : 
Urolophus, 201 : 

Fin-spines, Acanthodes, 167 : 
Ichthyotomi, 174 : Pleura- 
canthus decheni, 176 : Polyp- 
terus, 268, 274 : Siluridee, 
_275 : Teleostei, 268 
Fin-whales — See Baleenopteridce 
Fire-toad— See Bomhinator 
First Granted nerve — See Ol- 
factory nerve 
Fishing-frog, 262, 268 
Fissipedia, 573 

Flamingoes — See Phoni copter us 
Flange of feather, 429 
Flat-fishes — See Heteroso- 
mata 

Flexor muscles, Columha livia, 
441 : Rana, 316, 317 
Floccular fossa, Aves, 485 : 

Lepus cuniculus, 494, 496 
Flocculus, Columha livia, 448, 
449 : f.epus cuniculus, 611, 
513 

Flying-fishes, 258, 263, 269 
Flying Foxes — ^See Pier opus 
Flying Gurnards, 269 
Flying Lemurs — See Cyno- 
cephalidee 

Flying Lizards, 420 
Flying Reptiles, 392 
Flying Squirrel — Sec Anoma- 
lurus 

I'cctal membranes, Aves, 484 : 
Hypsiprymnus rufescens, 

690 : Mammalia, 683, 684 : 
Phascolarcios cincreus, 690 
Foetus, Galium bankiua, 482: 
Kangaroo, 689 : Lepus cuni- 
culus, 316 : Metatheria, 689 
Follicle-cells, Ascidiacea, 28, 29 
Follicles — See Graafian follicles 
I'ontanelles, Cartilaginous 
skull, 72 : Craniata, 72* : 
Dog-fish, 1 80 : Petromyzon, 
m, 137 • Rana, 309, 31 1 : 
Salmo fario, 240, 244 : Salmo 
salar, 246 : Urodela, 344 ' 
Vultur, 470 
Foot — See l^es 

Foramen lacerum anterius 
Ptilocercus lowii, 548 
Foramen magnum. Anas bos- 
chas, 473 : Apteryx man- 
telli, 473 : Cartilaginous 
skull, 72 : Columha livia, 
484, 435 : Craniata. 71 * : 
Dog-fish, 181 : Homo, 561 : 
Lacerta, 360, 861 : Lepus 
cuniculus, 491 : Macropeta- 
lichthys rapheidolahis, 167 : 
Ornithorhynchus, 527 : Rana, 
311 

Foramen of Monro, Callo- 
rhynchus antarcticus, 221 : 
Columha livia, 449, 46G : 
Craniata, 98; Fishes; 87* 
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Holooephali» 221 : T,aceria, 
870, 371 : Lepus cuniculus, 
512 : Mammalia, 673 : 
Petfogale penicillata, 678 ; 
Rana, 326 

Foramen orale, Ptilocercus 
lowii, 548 

Foramen ovale, Lepus emit- 
cuius, 505 ; Mammalia, 670 
Foramen Panizzae, Crocodilia, 
414 

Foramen triosseum, Columba 

livia, 482, 437 

Fore-brain, Alligator, 417 ; 
Chondrichthyes, 205 : Cra- 
niata, 67, 97*. 00 2 Dog- 
fish, 190 : Epiceratodus for- 
steri, 800 : G alius bankiva, 
481 : Ganoids, 280 : Eolo- 
cepbali, 221 : Lepidosteus, 
280 : Lepus, 688 : Rana, 
830 : Salmo fario, 248, 249, 
250: Teleostei, 280: Tor- 
pedo, 204 

Fore-foot — See Manus 
Fore-gut — See Stomodaeum 
Fore-kidney — See Pronephros 
Fore-limb, Columba livia, 427, 

487 : Craniata, 61, 63* : 

Edestosaurus, ^9 : Callus 
bankiva, 481 ; Globiocepha- 
lus melas, 582 : Lacerta, 
363 : Lepus cuniculus, 497 : 

Pinnipedia, 581 : Rana, 
315: Sterna wilsoni, 475 : 

Xenarthra, 628 

Fore-limb muscles, Columba 
livia, 440, 441 

Fornix, Lepus cuniculus, 510, 
511, 512 : Mammalia, 673 • 
Tachyglossus aculeaius, 678 
Fossa ovalis, Lepus cuniculus, 
504, 505 < Mammalia, 670 
Fossa rhomboidalis — See 
Fourth ventricle 
Four-eyed Fish — See Anahleps 
tetrophthalmus 

Fourth cranial nerve — See 
Trochlear nerve 
Fourth ventricle. Dog-fish, 190, 
191 

Fowls — See Callus 
Foxes — See CanidcB 
Fregata, 461 
Fresh- water snake, 389 
Frigate Bird-— See Fregata 
Frilled shark — See Chlamydo- 
selachus 

Fringillida, 462, 486 
Fritillaria, 22 
Frog — See Rana 
Frontal, Apteryx fnantelli, 472 : 
Artiodactyla, 588 : Aves, 
485 : Bony skull, 75 : Brady- 
pus tridadylus, 6^ : Canis 
familiaris, & 7 S : Centetes 
ecaudaius, 547 : Oetaoea, 


3 86 : Cheirolepis, 228 : 

Chelone mydas, 406 : Chiro- 
ptera, 552 : Chondrosteus 
acipenseroides, 281 : Cocco- 
cephalus wildi, 282 : Co- 
lumha livia, 434, 435 : Cra- 
niata, 7fi* • Crocodilia, 4^7 ^ 
Crocodilus porosus, 4W)7 : 
Dasypus sexcinctus, 627 : 
Dasyurus, 589 : Diplo- 

pterax trailli, 287 : Emys 
europcea, 405 : Equus^, 588, 
662 : Clobiocephalus, 582 : 

Holoptychius flemingi, 288 : 
Homo, 561 : Ichthyophis 
glutinosa, 845 : Ichthyo- 
stega, 834 : Lacerta, 360, 
861 : Leptolepis bronni, 257 : 
Lepus cuniculus, 492, 493, 
495 : Mammklia, 689 : 

Manatus senegalensis, 612 : 
Myrmecophaga, 627 : Ophi- 
dia, 403 : Osteolepis macro- 
lepidotus, 286 : Palceoniscus 
macropomus, 227 : Poly- 
pterus, 273 : Primates, 5^3 ^ 
Procavia, 615 : Ptilocercus 
lowii, 548 : Salamandra 
aira, 345 : Salmo fario, 240, 
241, 242, 244, 248 : Scapho- 
gnathus, 393 : Sirenia, O12 : 
Sphenodon, 404 : Thrinaxo- 
don liorhinus, 882 : Tritylo- 
don longcevus, 519 : Tropi- 
donotus natrix, 408 : Uro- 
dela, 344 

Frontal segment, Craniata, 76* 
Frontal sinus. Homo, 675 : 

Mammalia, 671 

Frontal suture, Lacerta, 360 : 

Lepus cuniculus, 494 
Frontoparietal, Protopterus, 
805 : Rana, 809,811, 312. 318 
Fulciform process, Salmo fario, 
251. 252 

Fulcra, Ganoids, 271 : Gin- 
glymodi, 235 : Lepidosteus 
platystomus, 288 
Fulmars— See Fulmarus 
Fulmarus, 461 

Furcula, Archceornis siemensi, 
464 : CarinatcB, 474 : 

Columba livia, 482, 437, 440, 
441 : Plaiycercus, 474 : 
Procellaria, 470 : Ratitee, 
474 : Strigides, 474 


G 

Cadus mobsmua, 260, 261, 267 
Galagina, 557 • 

Galago, 557 
Galagoides, 557 

GiOeoldaa, X70 

Gdleopithecid cb — ^See 
cephaUdcB 


Galeopithecus — See Cynoceph- 
alus 

Galeopterus, 553 
Galeus, 177 

Gall-bladder, Aves, 477 : Crani- 
ata, 67, 84*; Dog-fish, 184, 
185 : Lacerta, 866, 367, 
869 : Lepidosteus, 278 : 
Lepu^ cuniculus, 508, 504 : 
Mammalia, 669 : Rana, 
819 : Salmo fario, 248, 249 
Galliformes, 461 
G allin (B, 461 
Callus, 4O1, 470, 477 
Callus bankiva, 477, 480, 481, 
482 

Ganglia — See Nerve-ganglia 
Ganglion habenulae, Petro- 
myzon, 140, 142 : Petro- 
myzon marinus, 141 
Ganglion impar, Lepus cuni- 
culus, 514 
Gannets — See Sula 
Ganoids, 63, 223, 269*, 271, 
276, 278, 280, 282 
Ganoid scales, 63, 271*, 

Eurynotus crenatus, 65 ; 
Ginglymodi, 234 : Lepido- 
steus, 271: Polypier us, 271 
Ganoinc layer of ganoid scale, 
65 

Gare-fowl — See Penguinus im- 
pennis 

Gar-fishes, 258, 262 
Gar-pike — See Lepidosteus. 
Gasserian ganglia, Craniata, 
102, 103* : Dog-fish, 192 
Gasterosteus, 261, 283 
Gastornis, 477 

Gastric artery, Dog-fish, 188 : 
Lepus cuniculus, 508 : 
Rana, 821 

Gastric glands, Craniata, ^2* 
Gastric juice, Craniata, 82* 
Gastric vagus nerve, Dog-fish, 

194 

Gastric vein, Lepus cuniculus, 
503 : Rana, 8^ 
Gastrocentrous vertebra, 887 
Gastrocnemius muscle, Rana, 
316, 817 

Gastrocutaneous pores, Entcr- 
opneusta, 5 

Gastrohepatic omentum, 
Lacerta, 366 

Gastrula Amphioxus, 52 : 
A8eidieea,29: Clavellina, 9 Bl 
Craniata, 122 : Petromyzon, 

145 

Gavice, 469 
Gavial. ^02. a2a 
Gecko, 388, 397, 398, 419, 423 
Geese — See Anser 
Gemuendina, 167, 168 
Gemuendina sturtzi, 168, 170 
Geniculate body~^ee ^rpus 
geniculatum 


Cyno- 
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Geniculate ganglion, Oraniata, 
102 , 104* 

Geniohyoglossus muscle, Lepus 
cuniculus, 497 

Geniohyoid muscle, Rana, 817 
Genital aperture, Craniata, 62* 
Genital artery, Lacerta, 368 
Genital pores, Craniata, 118: 
Petromyzon, 144 : Salmo 

fario, 253 

Genital ridges, Balanoglossus, 

8, 4* 

Genital sinus. Dog-fish, 185 , 
189 

Genital wing Ptychodera 
bahamensis, 5 

Genu, Lepus cuniculus, 510 
Geo^aphical distribution — See 
Distribution, geographical 
Geological distribution — See 

Distribution, geological 
Geomyoidea, 621 
Georhyckus, 620 
Geosaurus, 425 
Geotria, 134, 148, 151 
Gephyrocercal tail, Lepido- 
siren, 290 

Germinal disc, Aves, 479: 
Chondrichthyes, 207 : Salmo 
fario, 254 

Germinal epithelium : Homo, 
679 : Mammalia, 679 
Germinal layers, Rana, 330 
Gestation period, Lepus cuni- 
culus, 516 

Giant fibres, Amphioxus, 50 
Giant Goose — See Cnemiornis 
Giant nerve-cells, Amphioxus, 

Giant Rail — See Atornis 
Giant Salamander — See Mega- 
lobatrachus 

Gibbons — See Hylohates 
Gill-chamber — See Branchial 
chamber 

Gill-cover — Sec Operculum 
Gill-filaments — See Branchial 
filaments 

Gill-plaits — ^See Branchial fila- 
ments 

Gill-pouches — See Branchial 

pouches 

Gill-rakers — See Branchial rods 
Gill-rods— See Branchial rods 
Gill-sac — See Branchial 
pouches 

GiU-slits — See Branchial aper- 
tures 

Gills — ^see Branchise 
Giaglymodi, 226, 233*-235 
Girafie, 602 
Gkafioidea, 601, 602 
Girdle-bone — See Spheneth- 

moid 

Gizzard, Av6g, 477 '• Colurnba 
livia, 442 : Colambitonnes, 
477 : Hawks, 477 : Larida, 
VOL. II. 


477 : Procellaria, 477 : 

Sirigidts, 477 

Glands, Craniata, 63 — See also 
Ductless, Epidermal, Gastric, 
Harderian, Intestinal, l.a- 
chrymal, Lymphatic, Mam- 
mary, Mucous, Nasal, Neural , 
Parotic, Parotoid, Perineal, 
Prostate, Rectal, Salivary, 
Sebaceous, Sublingual Sub- 
maxillary, Thymus, Thyroid 
Gians, Mammalia, 677 
Glenoid cavity. Apteryx man- 
telli, 475 : Carnivora, 577 : 
Colurnba livia, 423, 437, 441 : 
Dinornithidee , 475 : Lacerta, 
359, 363 : Lepus cuniculus, 
497 ‘ Metatheria, 53 ^ : Omi- 
thorhynchus, 527 : Rana, 
314: Salamandra, 346 : 

Tetrapod, 80 

Glenoid fossa, Lepus cuniculus, 
494 

Glenoid surface, Tetrapod, 81* 
Globe-fish, 261, 271, 270 
Globiocephalus, 582 
Globiocephalus melas, 582 
Glomerulus, Amphioxus, 46 : 
Craniata, 119'^ : BSnterop- 
neusta, 6* : Myzinoidea, 
151 : Rana, 324 
Glossopharyngeal nerve, Amia 
calva, 108 : Craniata, 105* : 
Dog-fish, 190, 192, 194 : 

Epiceratodus forsteri, 300 : 
Macropetalichthys raphei- 
dolabis, 167 

Glossopharyngeal nerve fora- 
men : Apteryx mantelli, 

473 : Dog-fish, 180, 181 : 
Lepus cuniculus, 495 
Glottis, Alligator, iklX I Colum- 
ba livia, 442, 443 : Craniata, 
67 : Emys europaa, 411 : 
Epiceratodus forsteri, 298 : 
Fishes, 87 : Lacerta, 370 : 
Monitor indicus, 411 : Rana, 
318, 319 
Glycogen, 84* 

Glyptocephalus cynoglossus, 

269 

Glyptodon, 624 
Glyptodon clavipes, 624 
Glyptodontides, 624 

Ois^odontoidea, 624 

Glyptolepis, 287 
Glypiopomus, 287 

Gnathostomata, 104, i52*-b93 
Goats — See Bovoidea 
Gobies — See Gobiomorphi 
Gobiomorphi, 261 
Gobbet cells, 63 
GobUn shark — See Scapanor- 
hynchus 

Golden Mole — See Chrysochloris 
irevelyani 
Goldfish, 261 


Gonads, Amphioxus, 41, 44, 
46, 51 • Ascidia, 14 : Cra- 
niata, 67, 118, 121*: Dog- 
fish, 196 : Fishes, 89 : 
Myxine, 151 : Petromyzon, 
144: Salmo fario, 2^^ 
Gonoduct, Ascidia, 14, 16 
Gonorbynchoidea, 258 
Gophers — See Sciuroidea 
Gorgonopsia, 382, 3M 
Gorilla, 559, 564, 565 
Goura, 462 

Graafian follicles. Dog-fish, 
195 : Homo, 679 : Lepus 
cuniculus, 516 : Mammalia, 
677, 679, 680 

Granular layers of eye, 
Craniata, 113 
Granule cells, 63 
Grayling, 258 

Gray’s Whale — See Cogia 
grayi 

Great Auk — See Penguinus 
impennis 

Great Blue Shark — See Car- 
charodon 

Great longitudinal fissure, 
Canis, 672 : Lepus cuni- 
culus, 510 

Great omentum, Colurnba livia, 
448 

Great ophthalmic artery. Dog- 
fish, 188 

Grebes — See Podicipes 
Greenland Right Whale — See 
Baleena mysticetus 
Greenland shark — See Som- 
niosus 

Grey matter, Craniata, 96* 

Grey Whale — See Rachianectes 
Groove of Hatschek — See 
Hatschek’s groove 
Grouse — See Tetrao 


GrucB, 461 
Gruidcc, 461 
Guerezas — See Colobus 
Guinea-fowl — See Numida 
Guinea-pigs — See Histrico- 

. morpba 
Guitar fishes, 177 
Gulars, Crossopterygii, 268 : 
Diplopterax trailli, 287 : 
Elonichthys, 268 : Holop- 
tychius flemingi, 288 : Osteo- 
lepis macrolepidotus, 286 : 
Polypterini, 233 
Gullet, Colurnba livia, 441, 
442 : Craniata, 82* : Dog- 
fish, 196 : Myxine glutinosa, 
150 : Petromyzon, 138, 140 : 
Petromyzon marinus, 1 ^ : 
Rana, 318 : Salmo fario, 
247^248 

Gulls — See Gaviee, Larida 
Gurnards, 261 
Gut — See Alimentary canal 
Gymnarckus, 258, 284 

3 A 
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Gymnophiona, 341* 34^* 343* 
344. 348. 349. 35«. 352. 353. 
354 

Gymnura, 545 

Gypa^tus, 467 
Gyracanthida, 159 
Gyracanthus, 159 


H 

Habenular commissure, 
Lacerta, 872 : Rq>na, 326 
Habenular ganglion, Mam- 
malia, 678 

Hacinian corpuscle, Anas^ 110 
Haddock, 261, 267 
Hsmalarch, Craniaia, 67, 70*: 
Dog-fish, 179 : Epiceralodus 
forsteri, 295 : Paltsospon- 
dylus gunni, 171 : Pleura- 
canthus decheni, 175 : Salmo 
fario, 289 

Haemal canal, Craniaia, 66, 
67. 69* : Dog-fish, 179 
Haemal groove, MacropeiaU 
ichihys Yapheidolabis^ l 87 
Haemal ridge, Chimara mons- 
tfosa, 218 : Craniaia, 68, 69* 
Haemal spine, Dog-fish, 179 : 
Epiceralodus forsteri, 295 : 
PalcBospondylus gunni, 171 : 
Salmo fario, 289, 240, 24B 
Haemal tube, Craniaia, 69 
Haemal zygapophysis, Salmo 
fario, 289, 240 
Hags, 133, 148 

Hair, Ceiacea, 635 ; Homo, 

634 : Mammalia, 633, 684, 

Hair-bulb, 685 

Hair- follicle, 633, 

684,685 

Hair-germ, Mammalia, 684, 
685 

Hair-papilla, 684 

Hake, 261 
Half-beak, 262 
Halicore: — See Dugong 
Hallux, Carnivora, 579 *. 

Columba livia, 4 ^ 427* 
Lemnioidea, 560 : Frimaies, 
566 : Tetrkpod, 81*, 
Halmdturus, 687 
Halmaturus ualahatus, 533, 588 
Hammerhead Sharks — See 
Sphyrna, Zygcsna 
Hand — See. Manus 
Hapale — See Callithrix 
Hapalida, 559, 560 
Haplomi, 258 
Hard dentine, 82* 

Harderian gland, Lacerta, 373 : 

Mammalia, 675 
Hard palate, cuniculus, 

501 : Mammalia, 666 
HurrioUq, 214, 815 , 217 


HarrioUa raleighana, 216 
Harvest Mouse — See Mus 

minutus 

Hatschek’s groove, A mphioxus, 

42*. 50 

Hatschek’s nephridium, Am- 
phioxus, 56* 

Hatteria, 388, 411 
Hawks, 477 

Head, Acanthodes, 157 : Crani- 
aia, 60, 67 : Lepus cuniculus, 

502 

Head -fold. Alligator, 417 
Head -process, Aves, 481 : 

Mamniftlia, 682 

Head-tract — See Cephalic 

pteryla 

Hearing, organ of — See Ear 
Heart, Amphibia, 98, 348 : Ap- 
pendicularia, 22, 26* : A scidta, 
16, 17 *, 19 : Ascidia com- 
posites, 28 : Ascidian larva, 
84 : Aves, 446,484 : Balano- 
glossus, 8 : Chondrichihyes, 
205 ; Columba livia^ 446, 
447 : Crocodilus, 98, 414 : 
Dipnensii, 290: Dog-fish, 186, 
187 : Doliolum, 24, 85, 86 *: 
Enieropneusia, 6 : Epicer- 
atodus forsteri, 298, 299 : 
Fishes, 88* : Gallus bankiva, 
481 : Ganoids, 280 : Gin- 
glymodi, 233 : Holoeephali, 
220 : Lacerta, 866 , 418 : 
Lepus, 683, 686 ; Lepus 
cuniculus, 504 : MamniftHii j 
670 : Myxine gluiinosa, 

150 : Proiospondyli, 235 : 
Rana, 320, 821, 822, 830 : 
Repiilia, 413 • Salamandra, 
^ 848 : Salamandra maculosa, 
' 850 : Salmo fario, 249 : 
Salpa, 25 : Salpa demo- 
cratica, 24 : Teleosiei, 280 : 
Turtle, 418 

Hedgehogs — See Erinaceida, 
Erinaceus, Gymnura 
HegetotheriideB, 571 
Helichthys, 230 
Helichthys elegans, 280 
Heliornithidee, 461 
Heloderma, 410 
Helodermidee, 423 
Hemibranch, fishes, 87* 
Hemiohorda, 2*-i2 
Hemicyclaspis, 129 
Hemicyclaspis murckisoni, 127 
Hemiheterocercal tail, Gin- 
alymodi, 233 
Hemimyaria, 20* 

Hemiscyllium 178, 191 
Hemugalago, 557 
Hmricosborniides, 571 
Hepatic artery, Dog-fish, 188 : 
Fishes, 89, 92* : Lacerta, 
Lepus cuniculus, 508 : Rana, 
Mil, 824 


Hepatic caecum — See Liver 
Hepatic ducts, Craniaia, 84*, 
85 : Lepidosteus, 278 : 
J.epus cuniculus, 508, 504 : 
Rana, 319 

Hepatic portal system, Chord- 
ata, 40* : Dog-fish, 189 : 
Fishes, 92* : Lacerta, 370 : 
Lepus cunicuXus, 508 : Sala- 
mandra maculosa, 850 
Hepatic portal vein, Amphi- 
oxus, 47* : Dog-fish, 185, 
188, 189 : Fishes, 89, 90, 
92* : Lacerta, 867, 370 : 
Lepus cuniculus, 508, 508: 
Rana, 822, 323. 824 
Hepatic sinus. Dog-fish, 188, 
189 

Hepatic vein. Amphibia, 349 : 
Amphioxus, 47 : Columba 
livia, 447, 448 : Epiceralodus 
forsteri, 300 : Fishes, 89, 
90 : Lacerta, 368 : Lepus 
cuniculus, 507, 50S : Rana, 
322, 323. 824 ; Salamandra 
maculosa, 350 

Heptranchias, 176, 199, 201, 

202 

Hermaphroditism, Chryso- 
phrys, 282 : Craniaia, 122 ; 
Myxine, 15 1 : S err anus, 282 : 
Teleosiei, 282 
Herodines, 461 
Heron — See A rdea 
Hemipodes — See Turnicidce ' 
Herpestes, 664 
Herrings, 258 

Hesperornis, 455, 470, 474, 477 
Hesperornis regalis, 456 
Hesperomiihiformes, 455 
Heterocercal tail, Aoanihodii, 
154 * Chondrichihyes, 198 : 
Chondrosiei, 231 : Coslo- 
lepida, 133: Dog-fish, 178: 
Holoceph^, 217 : PalcBo- 
spondylus gunni, 170 : 
Plenropierygii, 173 : Pterick- 
thyodes, 165 : Teleosiei, 271 
Heterocoelous vertebrae, Aves, 
469 : Columba livia, 432 
HeierodontidcB, 177 
Heteroffontus galeaius, 208 
Heterdmi, 265 
Heierosomaia, 261 
Heterosteus, 162, 168 
Heierosiraci, 125. 126, 131 

Heterotis, 284 

Hexanchus, 176, i 99 . 201, 202 
Hilus of Iddney, Lepus cuni- 
culus,' 514 

Hind-brain, A lligator, 417 : 
Chrondrichthyes, 206 : 
Craniaia, 97** 98: Gallus 
bankiva, 481 : Lepus, 688 : 
Lepus cunicidus, 51 3^^ 
Rana,d »0 
Hind loot— See Pes 
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Hind-gut — See Proctodaeum 
Hind-kidney — See Metane- 

phros 

Hind limb, Apteryx oweni, 
477 : Av68 » 476 : Columba 
livia, 427, 438, 489: Gallus 
bankiva, 481 : Lacerta, 365 : 
Rana, 316 

Hip-girdle — See Pectoral girdle 
Hipparion, 593, 595 
Hippidium, 593, 595 
Hippocampal commissure, 
Lacerta, 371, 372: Mammalia, 
673 : Peirogale penicillata, 
678 : Rana, 325, 326 : Rep- 
tilia, 414 • Tachyglossus 
acute atus, 678 

Hippocampal sulcus, Lepus 
cuniculus, 512 

Hippocampus, 259, 261, 2(>8, 
283 

Hippocampus, Lacerta, 371 : 
Lepus cuniculus, 611 : Mam- 
malia, 672, 673 : Reptilia, 
414 

Hippopotamidce, 600 
Hippopotamus, 649, 692 
Hippopotamus amphibius, 603 
Hippotigris, 595 
Hirundinidce, 462 
Histricomorpha, 620, 621 
Hoatzin — See Opisthocomus 
Haelaspis, 129 

Holoblastic segmentation, 
Ganoids, 284 : Mammalia, 
68 1 

Holobranch, Fishes, 87* 
Holocephali, 74» 152, 1741 214- 
223 

H olopty child CB, 287 
Holoptychius, 287 
Holoptychius flemingi, 288 
Holostei, 226, 229*, 233 
Holostylic jaw-suspension, 
Craniata, 74 * • Holocephali, 
219 

Homacodon, 600 
HomalodotheriidcB, 571 
Homalodotherium, 671 
Hominid(S, 559 

Homo, 94, 111, 559, 560, 661, 
562, 666 . 566, 684, 642, 660, 
666 , 676, 676, 679 
Homocercal tail, Protospondyli, 
235 : Salmo jfario, 238, 240 : 
Teleostei, 271 

Homodont dentition, Lageno- 
fhynchus, 662 : Mammalia, 
662 

Homogalax, 690 
Homosteida, 159, 162 
Homosteus, 162 
Homosteus milleri, 162 

Hoois, Mammalia, 635 : Un- 
gnlata, 691 

Hooklet of feathers, 429 
Hoopoes— See Upupida 


Horizontal canals of ganoid 
scales, 66 

Hornbills — See Bucerotidcs 

Homs, Mam m a lia , 635 : Pecora, 
691 

Horse — See Equus caballus, 

Peiissodactyla 

** House,** Fritillaria, 22 : 
Kowalevskia, 22 : Oikopleura, 

22 » 

Howlers — See A louatta 
Huanaco — See Auchenia 
Humeral pteryla, Columba 
livia, 426, 481 : GypaHtus, 

467 

Humerus, A rchceornis siemensi, 
464 : Cetacea, 586 : Chiro- 
ptera, 552 : Cistudo lutaria, 
401 : Columba livia, 437 : 
C rocodilus, 399 : lidesto- 
saurus, 389 : Glohiocephalus 
melas, 682 : Halmaturus 
ualabatus, 638 : Insectivora, 
549 : Lacerta, 363, 364 : 
Lepus cuniculus, 498 : 
Ornithorhynchus, 627 : 
Phoccena communis, 686 : 
Pinnipedia, 5S1 : Primates, 
563 : Prototheria, 530 : Rana, 
809, 314 : Sphenodon, 899, 
408 : Sterna wilsoni, 475 : 
i'alpa, 549 : Tetrapod, 79*, 
80 : Xenarthia, 629 
Humming Birds — See TrochiU 
idee 

Humpback — See Megaptera 
Hymnidce, 573, 575 
Hyeenodon, 676 
Hyeenodontidee, 577 
Hybodontidee, 174, 175 
Hydrochoerus, 616, 620 
Hydrodamalis, 610 
Hydropotes, O02 
Hyla, 341, 347 
Hylobates, 559, 560 
Hyoglossus muscle, Rana, 317 
Hyoid, Acipenser, 272 : Aves, 
474 : Columba livia, 436 : 
Craniata, 73 * 78 * : Dog-fish, 
218 : Holocephali, 219 : 
Lacerta, 363, 867 : Lepus 
cuniculus, 497 ; Btammfluiia, 
641 : Phoccena communis, 
5^ : Picidee, 474 : Proto- 
pterus, 806 : Rana, 809, 
310, 811, 3I^'‘818: Salmo 
salar, 246 : Sphenodon, 899 
Hyoid arch, Acanthodii, 157 • 
Chondrichthyes, 202 : Crani- 
ata, 73* • Dog-fish, 1 81 : 
Epiceratodus forsteri, 296, 
297 : Gallus bankiya, 481: 
Hypnarce, 202 : Petdlichthyi- 
ida, 165 : EeptUia, 408 : 
Trygonofhina, 202 : Urodela, 
344 : Urolophus, 201 
Hyoid bar — See Styloid process 
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Hyoid, body of, Lacerta, 867 
Hyoid cornu, Acipenser, 272: 
Columba livia, 486 : Crani- 
ata, 73* : Lacerta, 363, 867 : 
Rana, 809, 811 : Salmo 
salar, 246 

Hyoid operculum, Climatius 
reticulatus, 166 

Hyoid vein, M acropetalichthys 
rapheidoiabis, 167 
Hyoidean artery, Dog-fish, 187, 
188 : Epiceratodus forsteri, 
299 : Salmo fario, 249 
Hyoidean nerve, Craniata, 102* 
104* 

Hyoidean sinus, Dog-fish, 188 
Hyomandibular, A cipenser, 
272 : Bony-skull, 76 : Car- 
tilaginous skull, 72: Chim- 
eera monstrosa, 218 : 
Chondrichthyes, 200, 201 : 
Craniata, 73*> 7^^* : Dog-fish, 
180, 182 : Epiceratodus for- 
steri, 297: Holocephali, 219: 
Hypotremata, 176 ; Palceo- 
spondylus gunni, 171 : 
Pleuracanthus decheni, 175 : 
Pleurotremata, 176 : Proteus 
anguinus, 844: Salmo fario, 
241, 243, 244 : Salmo salar, 
245: Urodela, 344: 
tophus, 201 

Hyomandibular facial nerve, 
Amia calva, 108 : Craniata, 
102, 104 ; Dog-fish, 192, 
198 

Hyoplastron, Chelonia, 402 : 

Cistudo lutaria, 401 
Hyopsodontidee, 567 
Hyopsodus, 566, 567 
Hyostylic jaw-suspension. 
Chondrichthyes, 201 : Crani- 
ata, 74* 

Hypapophyses, Aves, 469 • 
Columba livia, 433 : Lacerta, 
859 : Lepus cuniculus, 490 ; 
Reptilia, 39B, 399 
Hyperartii — See Petromyzontia 
Hyperdactyly, Cetacea, 5B2 
Hyperhippidium, 593, 595 
Hyperodapedon, 388 
Hyperoodon, 584 
Hyperotreti — See Myxinoidea 
H3^crphalangy, Cetacea, 582, 
586 

Hypnarce, 202, 204 
Hypobatic tail, Flying fishes, 
263 

H)rpobranchial, Acanthodes, 
167 : Acipenser, : Bony- 
skull, 76 : Cartilaginous 
skull, 72 : Craniata, 74 : Dog- 
fish, 182 : Salmo fario, 244 
Hypocercal tail, Anasplda, 
130 : Pteraspidomorphi, 131 
H^ocone, Mammalia, 664* : 
Periasodac^la, 5 B 9 
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Hypoconid. Oamivora* 664 : 

Btaminalia, 654* 
H3rpoconulid, Mammalia, ^4* 
Hypoglossal nerve, Granl^, 
105* ; Lacerta, 372 : Petro- 
myzon, 142 : kana, 325 : 
Salmo fario, 250 
Hypoglossal nerve foramen. 
Apteryx mantelli, 473 : Lepus 
cuniculus, 495 
Hypohippus, 593, 594 
Hypohyal, Acanthodes, 157 : 
Bony-skull, 75 : Cartilagin- 
ous skull, 72 : Craniata, 73* ^ 
Salmo fario, 243, 244 : 

Salmo salar, ^5 
Hypoischium, Lacerta, 364, 
’365 ; Sphenodon, 408 
Hypophysial foramen, Acan- 
thodes, 156 

Hypophysis cerebri — See 

Pituitary body 

Hypoplastron, Chelonia, ^02 : 

Cistudo luiaria, 401 
Hypotremata, i75» 17^^. ^77. 
198. 211 

Hypsilophodon, 390 
Hypsiprymniis rufescens, 690 
Hypsodont teeth, Equoidea, 
591 *. Mammalia, 657* : 
Perissodactyla, 589 
Hyrachyidce, 596 
Hyrachyus, 589, 590 
Hyracidce — See Procaviidce 
Hyracodontidcp, 596 
Hyracoidea, 518, 613-5. 663 
Hyracoiherium, 566, 590, 591, 
592, 593. 594 
Hyrax — See Procavia 


I 

Ibis, 461 

Ichthyomyzon, 148, 15 1 
I chthyophis glutinosa, 345, 353 

Ichthyopterygia, 377. 386-7, 

424 

Ichthyornis, 456, 477 - 
Ichthyornis victor, 4^ 

Ichthyomitliiformes, 456 , 469 
Xchthyosaniia— See Ichthyop- 
terygia 

Ichthyosaurus, 886 
Jchthyostega, 334 

Ichthyostegalia, 332. 334 
Ichtbyotomi, 152, 174 
Ictidosauiia, 384 

Iguanas, 388, 400, 423 
Iguanodon, 391 

Jguanodon bernissartensis, 391 
Iguanodon mantelli, 391 
Ileum, Columba livia, 442, 443 : 
Lacerta, 367 • 

Iliac artery, Columba livia, 
447 : 0tamata,98 : l>og«lisb, 
188» X 89 : Fishes, 88 : 


Lacerta, 368 : Lebus cunt- 
cuius, 503, 506, 507 : Rana, 

321,324 

Iliac process, Chondrichthyes, 

203 

Iliac region, Tetrapod, 81* 
Iliac vein. Amphibia, 349 * 
Columba livia, 447, 448 : 
Epiceratodus forsteri, 300 : 
Fishes, 89, 92* : Lepus cuni- 
cuius, 506, 507, 508 : Sala- 
mandra maculosa, 350 
Iliolumbar vein, Lepus cuni- 
culus, 507, 508 

Ilium, Aves, 476: Alligator, 
409 : Apteryx australis, 476 : 
Cistudo lutaria, 401 : Columba 
livia, 432, 4^ : Dasypus 
sexcinctus, 631: Callus ban- 
kiva, 477 : Halmaturus uala- 
batus, 5^ : Homo, 565 : 
Lepus cuniculus, 498, 499 : 
Mammalia, 643 : Metatheria, 
539 : ’ Pinnipedia, 581 : 
Plesiosaurus, 385 : Primates, 
565: Rana, 309, 814, 3x5. 
318 : Salamandra, 346 : 
Sphenodon, 399 : Tetrapod, 
80, 8i* : TJrodela, 347 
Impennes, 460, 469, 471 
Impregnation, Amphibia, 352 : 
Ascidiacea, 28 : Aves, 479 : 
Chondrichthyes, 207 : t ol- 
umba livia, 452 : Entero- 
pneusta, 7 • l^ptilia, 4^9 : 

Salmo fario, 254 : Somnio- 
sus, 207 : Teleostei, 282 ; 
Zoarces, 282 

Incisor, Elephas, 650 : Equus, 
662 : Homo, 650 : Lepus 
cuniculus, 495, 501 : Mam- 
malia, 653’'' : Orniihorhyn- 
chus, 525 : Ptilocercus lowii, 
548 

Incubation, Columba livia , 452 
Incus, Craniata, 118* : Homo, 
676 : Lepus cuniculus, 497 : 

Mammalia, 676 

Indian Elephant — ^See Elephas 
maximus 

Indian Rhinoceros — See 
Rhinoceros indicus 
Indris, 557 
IndrisincB, 557 

Inferior commissure, Salmo 
fario, 251 

Inferolateral plate, Coccosteus 
decipiens, lol 

Infraorbital, Palaoniscus mac- 
ropomus, 227 

Infraorbital foramen, Canis 
fdmiliaris, 578 : Lepus cuni- 
culus, 482, 495 ‘ Omitho- 
rhynchus, 527 : Tritylodon 
longavus, 519y 520 
Infraorbital glands, Lepus cuni- 
culus, 50 z 


Infraorbital ridge. Dog-fish, 181 
Infraorbital sensory canal, Epi- 
peialichthys wildungensis, 

166 

Infrastapedial, Columba livia, 

487 

Infundibulum, Amphioxus, 
49* • Chondrichthyes, 206 : 

Columba livia, 449, 450 : 
Craniata, 98, 99* : Dog-fish, 
191 ; Epiceratodus forsteri, 
301 : Lacerta, 370, 371, 872 : 
Lepus cuniculus, 509, 512, 
513 : Petromyzon, 142 : 

Petromyzon marinus, 141 : 
Rana, 326 : Salmo fario, 249, 
250 

Inguinal canal, Lepus cuniculus, 

515 • Mammalia, 677 

IniidiV, 584 

Iniomi, 258 

Innominate, Apteryx australis, 
476 : Columba livia, 438 : 
Callus bankiva, 477 : Lacerta, 
364 ; Lepus cuniculus, 498 ; 
Mammalia, 643 
Innominate artery, Columba 
livia, 447, 448 : Dog-fish, 
187, 188 : Lepus cuniculus, 
306, 507 : Mammalia, 670 
Inscriptio tendinea, Rana, 316, 
817 

Insectivora, 51^. 543. 550. 

640,649 

Integument, Anomalurus, 635 : 
Chondrichthyes, 199: Hasy- 
podidw, 635 : Elephas, 635 : 
Mammalia, 633 : Manis, 
635 

Jnteratheriidee, 571 

Inter branchial septa, Craniata. 

85*, 86 : Dog-fish, 186 
Intercalary cartilages. Aci- 
penser ruthenus, 231 : Chim- 
cera monstrosa, 218 : Chon- 
drichthyes, 199 : Dog-fish, 
179, 180 : Pleuracanthus 
decheni, 175 

Intercentrum — See Hypapo- 

physis 

Interclavicle — See Epistemum 
Interclavicular air-sac, Aves, 
445 : Columba livia, 444 
Intercostal arteries, Lacerta, 
368 : Lepus cuniculus, 506 
Intercostal vein, Lepus cuni- 
culus, 506, 507 

Interdorsal plates — See Inter- 
calary cartilages 
Intergular plates — Amia, 268 : 

Crossoptirygii, 268 
Interhyal, Acipenser, 272 : 

Salmo fario, 243, 244, 245 
Interlateral plate, Gemuendina 
sturlzi, 170 

Intermediate "ribs, Ornitho- 
thynchus, aSfl 



Intermedium, Crocodilus, 410 : 
Dicynodontia, 384 : Oorgon- 
opsia, 884 : Lacerta, 364 : 
Pelycosauria, 384 : Sphenn- 
don, 408 ; Tctrapod, 80*, 81* 
Intermuscular rib, Craniata* 
67 : Salmo fario, 239* 
Internal branchial apertures 
— See Branchial aperture 
Internal carotid artery — See 
Carotid arteries 
Internal cavities, Craniata, 63 
Internal gills — See BranchisD 
Internal nares, Amphibia, 351 : 
Anas boschas, 478 : Croco- 
dilian 408 : Crocodilus, 407 : 
Epiceratodus forsteri, 295, 
286 : Globiocephalus, 582 : 
Ichthyophis glutinosa, 345 : 
Ichthyostega, 334 : Lacerta, 
361, 362, 869 : Lepus cuni- 
cuius, 501 : Loxodonta afri- 
cana, 604 : Osteolepis macro- 
lepidotus, 285 : Rana, 818, 
325 : Salamandra atra, 345 : 
Tropidonotus natrix, 403 
Internal tympaniform mem- 
brane, Columba livia, 444 
Internasal plate, Proteus an- 
guinus, 344 : Salamandra 
atra, 345 

Interncural plate — See Inter- 
calary cartilages 
Interopercular, Epiceratodus 
forsteri, 295 , 297 : Lepto- 
lepis bronni, 257 : Salmo 
fario, 237 , 241 , 243 
Interorbital region, Craniata, 

7 i* 

Interorbital septum, Avea, 471- 
Ckimcera monstrosa, 218 : 
Columba livia, 434 , 435 * 442 : 
Crocodilia, 407 : Emys euro- 
pcea, 405 : Holocephali, 218 : 
Lacerta, 360, 372 : BeptUia, 
402 : Salmo fario, 241 
Interparietal, Cetacea, 5^6 : 
Globiocephalus, 582 : Lepus 
cuniculus, 492 , 494* 495 
Interpterygoid vacuities, 

Labyrinthodontia, 337 
Interrenal body, Craniata, 122* 
Interspinous bone — See 
Pterygiophore 

Intertemporal, Cheirolepis, 
228 : Chondrosteus acipen- 
seroides, ^ 1 : Coccocephalus 
wildi, 232 : Diplopterax 

trailli, 287 : Holopiychius 
flemingi, 288 : Osteolepis 
macrolepidotus, 288 • 
Interventral, Acipenser ruthe- 
nus, 231 

Intervertebral discs, Ambly- 
stoma, 843 : Crocodilus, 400 ; 
Dog-fish, 185 : Lepus cuni- 
culus, 489 : Mammalia, 638*: 
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Ranidens, 343 : Spelerpes, 

343 

Intervertebral foramen, Crani- 
ata, 69 : Rana, 310 
Intervertebral ligament, Sala- 
mandrina, 343 

Intestinal arteries, Rana, 321, 
324 

Intestinal glands, Craniata, 82* 
Intestinal veins. Dog-fish, 188 : 
Rana, 322, 324 

Intestine, Amphioxus, 41, 43, 
44, 47, 58 : Appendicularia, 
22 : Cephalodiscus, 11 : 

Craniata, 67, 82* : DoHolum, 
24 : Fishes, 89 : Petromyzon, 
138* : Petromyzon marinus, 
139, 144 : Rana, 318 : 

Rhabdopleura, 12 : Salmo 
fario, 247, : Salpa, 25 : 

Torn aria, 7 

Intestinopyloric artery, Dog- 
fish, 188 

Intranarial epiglottis. Mam- 
malia, 671 

Intravertebral cartilage, Rani- 
dens, 343 : Spelerpes, 343 
Intravertebral constriction, 
Amhly stoma, 343 
Intrinsic syringeal muscles, 
Columba livia, 444 
Investing bones. Bony skull, 
75 : Chondrostei, 273 : 

Craniata, 74* : Epiceratodus 
forsteri, 295, 296 : Mam- 
malia, 639 ; Rana, 309, 3 ^^ • 
Salamandra atra, 345 : 
Salmo fario, 240, 244 : Teleo- 
Stei, 273 

Investment, Cephalodiscus, 9 
Iris, Columba livia, 451 : Crani- 
ata, 112*: Homo, 111: 
Salmo fario, 252 
Ischia, Cetacea, 587 : Proto- 
theria, 530 : Xen^hra, 631 
Ischiatic foramen, Columba 
livia, 482, 438 

Ischiatic symphysis. Alligator, 
409 : Lacerta, 364, 365 : 
Rhea, 476 

Ischium, Alligator, 409 : 
Apteryx, 475 : Apteryx 

australis, 476 : Aves, 476 : 
Cdsuarius, 475 : Chelonia, 
408 : Cistudo lutaria, 401 : 
Columba livia, 432, 438 : 
Crocodilia, 410 : Crocodilus, 
399 : Cryptnri, 475 : Dasypus 
sexcinctus, 631 : Dromceus, 
475 : Gallus bankiva, 477 : 
Halmaturus ualabatus, 538 : 
Iguanodon bernissartensis, 
391 ; Lacerta, 364, $65 : 
Lepus cuniculus, 498, 499 ^ 
Mammalia, 643 * Ornithorhyn- 
chus, 527 : Plesiosaurus, 
385 : Primates, 5^5 ' Rana, 
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314, 315* 318 : Salamandra, 
346 : Sphenodon, 399 : 
Tetrapod, 80, 81 ♦ 
Ischnacanthidis, 159 
Ischnacanthus, 159 
1 schnacanthus gracilis, 158 
Ischyromyida, 620 
Isopedine layer of cosmoid 
scale, 64 

Isospondyli, 226, 257, 258, 269 
Isthmus, Salmo fario, 237 
Isurus, 176 

Iter, Columba livia, 449 : Crani- 
ata, 98, 99 * • Dog-fish. 191 : 
Lacerta, 870 : Rana, 325, 
326 : Salmo fario, 251 


J 

jACAJriDJS, 46 1 

Jacobson’s anastomosis, Crani- 
ata, 105* 

Jacobson’s organ, Craniata, 
103*, 112* ; Lacerta, 873 : 
Lepus cuniculus, 500, 501 : 
Mammalia, 675 : l^ptilia, 
415 

J mkelaspis, 160 
J cBkelaspis decipiens, 160 
Jagorina, 167 
Jagorinid(v, 167 
Jaw muscles, Lepus cuniculus, 
496 : Rat, 617 : Rodentia, 
618 

Jaw suspension, Acanthodii, 73 : 
Cestracion, 201 : Chondidch- 
thyes, 201 ; Craniata, 73** 
74 * : Dipneusti, 74* 290* 
292 : Ginglymo^, 234 : 

Holocephali, 74, 219 : Lepus 
cuniculus, 491 : Pleurop- 
terygii, 173 : Rana, 309, 
310, 311 : SalmG fario, 243 : 
Salmo salar, 245 : Tadpole, 
313 : Teleostei, 273 : 

Urodela, 344 

Jaws, Acanthodii, 157 : Cet- 
acea, • Chondrichthyes, 

200 : Coccosteus decipiens, 

162 : Craniata, 73 * ^ Dog- 
fish, 181 : Lacerta, 365 : 
PalcBospondylus gunni, 172 : 
Pterichthyodes, 165 : Salmo 
fario, 236, 242 — See also 
Mandible 

Jerboas — See Myomorpha 
John Dories, 261 
Jugal, Anas boschas, 473 : 
Apteryx mantelli, 472 : 
Artiodactyla, 588 : Aves, 435 : 
Bradypus tridactylus, 629 : 
Canis familiaris, 578 : 
Cetacea, 586 ; Cheirolepis, 
2^ : Chelone mydas, 406 : 
Chelonia, 406 : Chiioptera, 

552 : Chondrosteus acipenser- 
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oides, 231 : Coccocephalus 
wildit 2^: Columba livia, 
434, 436 : Crocodilus, 407 : 
Crocodilus porosus, 407 : 
Dasyurus, 5 ^ : Diplopterax 
trailli, 287 : Emys europaa, 
406 : Eguus, 688, ^2 : 
Ctorgonopsia, 382 : Holop- 
tychius flemingi, 288 : 
Ichthyophis glutinosa, 345 : 
Ichthyostega, 334 : Laceria, 
361, 362 : Lepus cuniculus, 
492, 495 : Mammalia, 639 : 
Metatheiia, 530 * 53^ : 

Myrmecophaga, 627, 628 : 

Osteolepis macrolepidotus, 
286 : Petrogale penicillata, 
540 : Phascolomys wombat, 
539 : Phocesna communU, 
585 : Procavia, 615 : Salmo 
fario, 243 , 244 : Scapho- 
gnathus, 393: Sphenodon, 404, 
405 : 7 'arsius, ^58: Thrinaxo- 
don liorhinus, ^2: Xenarthra, 
628 

Jugal arch, Equus, 588 ; 

Menotyphla, 546 
Jugular canal, Acanthodes, 166 
Jugular eminences, Homo, 562 
Jugular nerve, Craniata, 104 * 
Jugular plates, Amia, 268 : 
Amia calva, 235 : Polypterus, 
267 : Polypterus bichir, 232 : 
Protospondyli, 235 : Undina 
penicillata, 289 

Jugular sinuses. Dog-fish, 188, 
189 

Jugular veins. Amphibia, 349 : 
Columba livia, 446, 447 : 
Craniata, 93 : Epiceratodus 
forsteri, 299, 300 : Fishes, 89, 
gi* : Lacerta 367, 368 , 370 , 
413 : Lepus cuniculus, 502, 
506 , 607 : Pana, 322, 324 : 
Salamandra maculosa, 350 
Jurassic, Actinopterygii, 225 : 
Aves, 454» 463 * 4^6 • Holo- 
ceph^i, 214 : Mammalia, 
521 , 522 : S^ptilia, 4^4 


K 

Kagu — S ee Rhinochetida 
Kakapo — See Stringops 
Kalobatippus, 593, 594 
Kangaroo, 533, 535, 536, 689 
Kannemeyeria, 3a0 
Keel — See Medullary keel 
Keratin, 66 
Kiaraspis, 129 

Kiasraspis auchenaspidoides, 

127,128 . 

Kidneys, Amphibia* 351 • 
Callorhynchus aniarciicus, 

222 : Ohondriohthyetf, 207 : 

Columba livia, 442, 451 , 452 : 


Craniata, no*: IHdelphys 
dorsigera, 6^ : Dog-fish, 
186, 195. 196, 197 : EpL 
ceratodus forsteri, 301 : Epta- 
tretus, 160 : Erinaceidce, 
878 : Fishes, 89 : Holo- 
cephali, 222 : Lacerta, 367, 
369, 374 : Lepidosiren, 306 : 
Lepidosteus, 281 : Lepus 
cuniculus, 514 : M amiwalift , 
676 : Petromyzon, 144 : 

Peironiyzon marinus, 144 : 
Proiopterus, 306 : Rana, 
318, 321, 322 , 327 > 328 : 
Salmo fario, 248, 252 , 253 : 
Teleostei, 280 : TJrodela, 
351 

Killer — See Orca gladiator 
Kingfishers — See Alcedinida 
Kinkajou — See Potos caudi- 
volvus, ProcyonidcB 
Kiwi — See Apteryx 
Koala — See Phascolarctos cine- 
reus 

Kowalevskia, 21 *, 22 


L 

Labia majora, Lepus cuniculus, 

516 

Labial cartilages, Cartilaginous 
skull, 72 : Chimmra mon- 
strosa, 218 : Chondrichthyss, 
201 : Craniata, 74* : Dog- 
fish, 183 : Epiceratodus for- 
sieri,2B6 : Holocephali, 2 i 9 : 
Salmo salar, 245 : Urolo- 
phus, 201 

LahiUosaurus, 378 

Labrichthys psittacula, 260, 261 , 
262 , 276 

Labyrinth — See Bony laby- 
rinth ; Membranous laby- 
rinth 

Labyrinthodontia, 333 » 335 *~ 8 , 
341 

Lacerta, 357~375» 388 , 413, 
4ifi. 418 

Lacerta agilis, 359, 361, 364, 
365,366 

Lacerta muralis, 413 

Lacerta viridis, 357, 367, 370, 
373, 374 

Lacerta vivipara, 364, 372 

Lacertidce, 388 , 423 

Laoertilia, 388 , 393 ^ 394» 397 * 
399 , 400 , 402 , 408 , 410 , 41 1 , 
412 , 413 , 415 , 416 , 419 , 423 , 
424 

Lachrymal, Apteryx mantelli, 
472 : Aves, : Bradypus 
tridactylus, 629 : Canis 
familiaris, 578 : Chondro- 
steus acipenseroides, 281 : 
Columba livia, 434, 436 : 


Crotalus, 403 : Dasyurus, 
539 : Diplopterax trailli, 
287 : Equus, 662 : Oorgo- 
nopsia, 382 : Holoptychius 
flemingi, 2^ : Jchthyostega, 
334 : Lacerta, 360 , 861 : 
Lepus cuniculus, 492, 495 > 
Mammalia, 639 : Myrmeoo* 
phaga, 627 : Ophidia, 404 : 

Osteolepis macrolepidotus, 
286 : Phascolomys wombat, 
539 : Thrinaxodon liorhinus, 
382 : Tritylodon longcevus, 

519 

Lachrymal duct, Lepus cuni- 
culus, 500 

Lachrymal foramen, Apteryx 
mantelli, 472 : Lemuroidea, 
563 : Lepus cuniculus, 495 : 
Metatheria, 538 : Tritylodon 
longcBvus, 619, 520 
Lachrymal gland, Lacerta, 373 : 
Mammalia, 673 

Lacteals, Craniata, 95 "’ : Fishes. 
90 : Mammalia, 669 

Lagena — See Cochlea 
l-agenorhynchus, 652 

Lagomorpha — See Dupliciden- 
tata 

Lagomyidce, 517 
Lake Trout — See Salmo irutta 
Lambdoidal crest. Carnivora, 
577 

Lambdoidal suture, Columba 
livia, 434 : Lepus cuniculus, 
494 

I Mmbdotherium, 598 
Lamina of vertebra, Rana„ 
308 , 309 

Lamina perpendicularis, Lepus 
cuniculus, 493 

Lamina terminalis, Craniata, 
98, 99* • Lacerta, 372 : 

Lepus cuniculus, 612, 513 
Lamna, 176 
Lamna cornubica, 176 
LamnidcB, 176 

I-ampem — See Petromyzon flu- 
viatilis 

Lampetra — See Petromyzon 
Lampreys — See Geotria, Mor- 
dacia, Petromyzon 
Lanarkia, 133 
Lanarkia spinosa, 133 
Lancelot — See Amphioxus 
Languets, Ascidiacea, 23 * : 
Ascidice composites, 28 : Sal- 
pa, 25, 27 : Salpa democra- 
tica» 24 

Langurs — See Cercopithecus 
Lantern fishes, 258 
Lapillus, Salmo fario, 252 
Large intestine. Dog-fish. 184 : 
Lepus cuniculus, 502 : RanUt 
313 

Larides, 461, 477 
Laro-Limcolee, 461 
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Larva, Amblystom^ tigrinum, 
354 : Amphioxus, 56» 57, 
58 : Anwiella, 35 : Ascidia 
mammillata, 88 : Ascidiacea, 
81, 32, 88 , : Cobitis, 284 : 

Doliolum, 83, 85 : Eels, 284 : 
Gymnatchus, 284 : Heteroti 
284 : Lepidosteus, 284 : Mol- 
gulida, 35 : Peiromyzon flu- 
viatilis, 146 : Polypterus, 
284 : Teleostei, 284 
Lairacea, 19 *. 21 
Laryngotracheal chamber, 
Rana, 319 

Larynx, Columha livia, 443 : 
Lacerta, 869, 370 : Leptis 
cuniculus, 502, 508 : Rep- 
tilia, 4^2 
Lasanius, 131 

Lasiognathus saccosioma, 267 
Lateral apterium, Columha 
livia, 481 : Gypaztus, 467 
Lateral artery, Dog-fish, 188 
Lateral fins, Dog-fish, 178 
Lateralis nerves — See Lateral 
line 

Lateral line, Amia calva, 108 : 
Amphibia, 351 *• Cephalaspis, 
107 : Chondrichthyes, 206 : 
Climatius reticulatus, 155 : 
Coccosieus decipiens, 161 : 
Cxaniata, 61, 102, 107 : 

Dog-fish, 177, 194: Epipeta- 
lichthys wildungensis, 166 : 
Fishes, 109 : Holocephali, 
217 ! Labymthodontia, 337 * 
338 : Lepidosteus plaiysto- 
mus, 283 : Macropetalich- 
thys rapheidolabis,W 7 : Per- 
ea fluviatilis,. lOS : Petromy- 
zon, 135, 144 *. Pteroplatrea 
valenciennesi, 109 : Salmo 
fario, 286, 238 

Lateral occipital, Acanthodcs, 

156 

Lateral occipital crest, Macro- 
petalichihys rapheidolabis, 

167 

Lateral plate, Amphioxus, 56 : 
Aves, 482 : Chondiichthyes, 
211 : Craniata, 122 : Bpi- 
petalichthys wildungensis, 
166 : Pterichthyodes, 164 
Lateral septum, Ptychodera 
bahamensts, 5 

Lateral vein, Craniata, 67 : 
Dog-fish, 189 : Fishes, 89, 91 * 
ScUamandra maxrulosa, 850 
Lateral ventricle — See Para- 
ccBle 

Latimeria chalumnce, 289 
Laugia, 289 

Leather-backed 1 urtle — See 

Dermaiochelys 

Lemmixig— See Muodes lemmus 
Lemur, 

Lemurida, 556 


Lemurinee, 556 

Lemnroidea, 555 . 55^. 559, 560, 
563, 565. 640 

Lens of eye, Columba livia, 
450, 451 : Craniata, 113*, 
115 : Dog-fish, 194 : Lepus, 
686 : Salmo fario, 251, 252 : 
Sphenodon, 116 ; Sphenodon 
punctatum, 415 
Leontocebus, 559 
Lepidosiren, 290, 304, 305, 306 
Lepidosiren paradoxa, 294 
Lepidosteus, 223, 227, 233, 271, 
273. 276, 278, 280, 281, 282, 
283, 284 

Lepidosteus platystomus, 233 
Lepidosteus tristcechus, 234 
Lepidotrichia — See Dermal fin- 
rays 

Lepidotus, 235 
Lepidotus minor, 234 
LeporidcB, 517, 620 
Lepospondylia, 333, 339 
Lepospondylous vertebra, 337 
Leptictidee, 545 
Leptictis, 545 
Leptocephalus, 284 
Leptoglossce, 388 
LeplolepidiB, 235 
Leptolepis, 256 
Leptolepis bronni, 257 
Lepus, 517, 682 
Lepus cuniculus, 488-517 
Levator labii superioris muscle, 
Rat, 617 

Leydig’s gland. Dog-fish, 196, 
197* 

Liassic, Teleostei, 255 
Lienogastric artery. Dog-fish, 

188, 189 

Lienogastric vein, Lepus cuni- 
culus, 503, 508 

Ligaments — See Broad liga- 
ment 

Ligamentum denticulatum, 
Amphioxus, 46 
lily Trotters — See Jacanidof 
Iamb-girdles — See Pectoral and 
Pelvic girdles 
Limbless lizards, 395 
Limbs, Craniata, 61, 63 
Limicolee, 461, 469 
Linea alba, Rana, 316, 817 
Lingual artery, Epiceratodus 
farsteri, 299 : Rana, 820 
Lingual cartilage, Petromyzon, 
137* : P. marinus, 189 
Lingual muscles, Myxine glu- 
tinosa, 150 

Linophryne arborifer, 267 
Lion — See Felis leo, Felida 


Lipotyphla, 54^ 

Lip-fish — See Labrichtkys 
Lips, Anthropoidea, 559 : 

» richthys psittacula, 260 : 

666 : Petromyzon 
fluviaiilis, 146 : Salpft, 2 S 
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Liquor amnii — See Amniotic 
fluid 

Liquor folliculi. Mammalia, 
680 

Lissamphibia, 332 
Litoptema, 567 . 568, 569 
Liver, Amphioxus, 41, 44*, 47 : 
Balanoglossus, 2 : Chond- 
richthyes, 205 : Chordata, 
40"* : Columha livia, 442, 
443 : Craniata, 67, 84*, 85 : 
Dog-fish, 184, 185 : Entero- 
pneusta, 5 : Fishes, 89 : 
Lacerta, 866 , 867, 869 : 
Lepidosteus, 278 : Lepus 
cuniculus, 508, 504 : Mam- 
malia, 669 ; Myxine, 149 : 
Petromyzon, 140 : Petro- 
myzon marinus, 139 : Rana, 
818, 319. 822 : Salmo fario, 
248, 249 : Teleostei, 276 
Liver-cells, Craniata, 85 
Lizards — See Lacerta, Lacertilia 
Llama — See Auchenia 
Loach, 261 

Lobus inferior, Callorhynchus 
antarcticus, 221 ; Chond- 
richthyes, 206 : Dog-fish, 
190, 191 : Salmo fario, 249, 

250 

Longitudinal canal, Lepido- 
steus, 281 : Urodela, 351 
Longitudinal fissure — See Great 
longitudinal fissure 
Longitudinal muscles, Ptycho- 
dera hahamensis, 5 
Longitudinal valve, Rana, 820 
Lophiodontidee , 589, 596 
Lophiotherium, 591, 593 
Lophius, 268 
Lophobranchii, 271 
Lophodolus acanthagnathus, 267 
Lophodont molars, 

657 * 

Lophs, 657 
Loricata, 023, 624 
Lories — See Lorius 
Loris, 557 
J.orisidcB, 557 
Lorisince, 557 
Lorius, 462 

Lower jaw — See Mandible 
Loxodonta africana, 604, O08, 
610 

Loxolophodon, 569 
Lucida, 21* 

Lumbar arteries, J.aceria, 368 : 

Lepus cuniculus, 506 
Lumbar region, Crocodilus, 

899 

Lumbar vertebrae, Columba 
livia, 488 : Lepus cuniculus, 
489 : Mammalia, 638 : Myr- 
mecophaga jubata, 622 : 

Xenarthra, 626 

Lumbo-sacral plexus, Rana, 

325 
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Luminous organs, Chondridi- 
thyes, 204 : Stomias boa, 
27^: Tdeostei^ 270 
Lump-iish — Sec Cyclopterus 
Lunar, Bradypus tridactylus, 
680 : Carnivora, 579 • Ohir- 
Optera, 552 : Equus caballus, 
648 : Globiocephalus melas, 
582 : Insectivora, 549 : 

Lepus cuniculus, 498, 499 : 
Mammalia, 646 : Mesonyx, 
646 : Papio anubis, 5^ : 
Primates, 5^5 • Prototheria, 
530 • Rodentia, 622 : Sus 
scfofa, 648: falpa, 549 : 
Tapirus indicus, 647 : 
Tetrapod, 80 : Tritemno- 
don agilis, 644 
Lunaspis, 160 
Lung-fishes, 290 
Lungs, Amphibia, 34 ^ : Aves, 
445, 478 : thamceleon, 412 : 
Columba livia, 442, 444 : 
Craniata, 67, 87* : Epi- 
ceratodus forsteri, 87, 298 : 
Fishes, 87 : Lacerta, 366, 
367, 369, 370 : Lepus cuni- 
cuius, 508, 509 : Polypteru^, 
87 : Protospondyli, 235 ; 
Pana, 318, 319. 321, 3^ : 
Beptilia, 412 : Salamandra, 
848 : Teleostei, 87 
Luth — See Dermatochelys 
Lutra, 664 
Lycanops, 384 
Lycosaurus, 384 
Lymphatic glands, Craniata, 
95 * 

Lymphatic system, Craniata, 
94* : Fishes, 90 : Mammalia, 
669 : Rana, 324, 325 
Lymph-capillaries, Craniata, 
94* : Rana, 324 
Lymph-hearts, Craniata, 95* : 
Rana, 324, 325 

Lymph-sinuses, Craniata, 95* • 
Rana, 318, 325 

Lymph-spaces, Amphioxus, 
43 *, 47 . 58 

Lyomeri, 258 

Lyra, Lepus cuniculus, 512 
Lyre birds — see Menuridce 
Lysorophus, 339 
Lysirosaufus, 381 


M 

Macaoa, 559 
Macaques — See Macaca 
Macaw — See Ara 
Mackerel sharks — See Lamna 
Mactauchenia, 569, 570 
Macrattchmiidee, 569 
Macromeres, Petromyxon, 145 


Macropetalichthys, 165, 167 
Macropetalichthys prumiensis, 

168 

Macropetalichthys rapheido- 
labis, 167^ 

Macropodides, 533, 535 
Macropoma, 289 
Macropus, 533, 541, 659 
Macropus major, 674 
Macroscelida, 546, 547 
Macroscelides, 546 
Macrotherium, 599 
Macrurids, 261 
Macrurus carminatus, 265 
Macula lutea, Tarsius, 559 
Maculae acusticae, Craniata, 
117* 

Magnum, Bradypus tridactylus, 
630 : Equus caballus, 648 : 
Lepus cuniculus, 498, 499 : 
Mammalia, 646 : Mesonyx, 
646 : Ornithorhynchus, 527 : 
Papio anubis, 565 : Sus 
scrofa, 648 : Talpa, 549 : 
Tapirus indicus, 647 : Tetra- 
pod, 80 : Tritemnodon agilis, 
644 : Ursus americanus, 
579 : Xenarthra, 629 
Malapterurus, 275 
Malar — See Jugal 
Malar foramen, Ptilocercus 
lowii, 548 

Malayan Swift — See Collocalia 
Malleus, Craniata, 118^ : Homo, 
676 : Lef ms cuniculus, 497 : 

Mammalia, 676 

Malpighian capsule, Craniata, 
119*, 120 : Epiatretus, 150 : 
Myxinoidea, 151 ^ Rana, 824 
Malpighian layer, Aves, 429, 
430 : Craniata, 63 : Homo, 
634 : Mammalia, 634, 635 
Mammalia, i, 37<^. 3^1. 480*- 
693 

Mammary artery, Columba 
livia, 447 : Lepus cuniculus, 
506, 507 . 

Mammary foetus. Kangaroo, 
689 : Metatheria, 689 
Mammary glands, 

636 : Prototheria, 636 ; 

Tachyglossus aculeatus, 6^ 
Mammary pouches, Ornitho- 
rkynchus, 636 

Mammary vein, Columba livia, 
447 : Lepus cuniculus, 506 
Man — See Homo 
Manaius, 610, 611 
Manatus senegalensis, 612 
Mandible, Acipenser, 272 : 

Alligator, 411 : Amia, 2^ : 
Amphitherium, 522 : Astro- 
scopus^ 262 ; Avee, 474 * 
Balanoptera rostrata, 663 : 
Canis familiaris, 578 : 
Cenietes ecaudatus, 547; 

Cetaoea« 556 : 0 helo^ 4 < 37 > 


Chimeera monstrosa, 218 : 
Chiroptera, 552 * CHmatius 
reticidatus, 155 : Columba 
livia, 436 : Craniata, 77 * : 
Crossopterygii, 268 : Cro- 
talus, 403 : Cynognathus, 
383 : Dasypus sexcinctus, 
627 : Dasyurus, 539 : Di- 
metrodon, 383 : Diplop- 
terax trailli, 287 : Dipterus 
valenciennesi, 292 : I>og- 
fish, 213 : Elonichthys, 268 : 
Emys europiBa, 405, 411 : 
Globiocephalus, 582 5 Helich- 
thys elegans, 230 : Holop- 
tychius flemingi, 288 : Homo, 
561, 562 : Lacerta, 362 : 
Lepus cuniculus, 496 : Mam- 
malia, 639, 641 : Manatus 
senegalensis, 612 : Meta- 
theria, 53 L 539 : Moeri- 
ih^ium, 606 : Monitor in- 
dicus, 411 : Myrmecophaga, 
627 : Ophidia, 405 : Osteo- 
lepis macrolepidotus, 286 : 
Palcsospondylus gunni, 171 : 
Phascolestes, 522 : Phasco- 
lomys wombat, 539 : Plagi- 
aul^oidea, 521 : Mmates, 
563 : Procavia, 615' : Proto- 
spondyli, 235 : Prototheria, ~ 

528 : Salmo fario, 236, 237 : 
Scymnosuchus, 383 : Spala- 
cotherium, 522 : Syrenia, 
613: 'Tachyglossus aculeatus, 

529 : 'Tarsipes, 531, 439: 
Triconodon, 522 : Xenar- 
thra, 627, 628 

Mandibular arch, Craniata, 
73* : G alius hankiva, 481 
Mandibular artery. Dog-fish, 

187, 188 

Mandibular canal, Amia calva, 

108 

Mandibular condyles, Lepus 
cuniculus, 492 : Tachyglos- 
sus aculeatus, 5^ 

Mandibular nerve, Craniata, 
102 : Dog-fish, 193 
Mandibular nerve foramen, 
Lepus cuniculus, 495 
Mandibular operculum, Aean- 
thodii, 158 : CHmatius reti- 
culatus, 155 

Mandibular splint, Acanthodes, 

157 

Mandibular symphysis. Dog- 
fish, 1 81 : Lepus cuniculus, 
496 

Mandibular tooth, Callorhyn- 
chus aniarcticus, 220 : 

cephali, 219 

Mandibular vein, Macro^ta- 
lichthys rapheidolabis, ^ 1 X 7 
Maa-eaters--See Carcharodon 
Manis^ 6 z 6 , 635 
Manis gigdntea, 682 
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Mantle, Ascidia, 14*, 16, 19 : 

AscidicB compositcB, 98 
Manubrium, Talpa, 649 
Manubrium sterni — See Pre- 
sternum 

Manus, Archtpopteryx litho- 
gr^hica, 466 : Bradypus 
tridactylus, 630 : Cetvus 
elaphuffr^^"^ : Cetacea, 586 : 
Columba livia, 488 : Dia- 
diaphorus, 645: Dicynodon- 
tia,884: Equus, 692 : Equiis 
cahallus, 648 : Eelis leo, 
579 : Oorgonopsia, 884 : 
Hyracotherium, 692 : fo- 
seotivora, 55 « : Lacevta, 363 : 
Lemuroidea, 556 : Mery- 
chippus, 645 : Mesohippus, 
692 : Mesonyx, 646 : Moro- 
pus etatus, 699 : Felyco- 
saniia, 884 : Pinnipedia, 
581 : Pliohippus, 645 : Pro- 
tohippus, 692 : Protorohip- 
pus, 692 : Sus scrofa, 648 : 
Talpa, 649 : Tapirus in- 
dicus, 647 : Thoatherium, 646 
Marginal plate, Chelone my das, 
40& : Cistudo lutana, 401 : 
Coccosieus decipiens, 161, 
162 : Heterosteus, 168 
Marmosa, 532 
Marmosets — See Hapalidce 
Marrow of tetrapocl bones, 
8 i* 

Marrow-cavity, Spelerpes, 848 
Marsupialia — See Metatheria 

Marsupium, Metatheria, 530 : 

Tachyglossus aculeatus, 636 
Martens — See Mustelidce 
Masseta muscle, Crotalu^, 421 : 
Lepus cuniculus, 496, 497 '• 
Rat, 617 

Masticator nerve, Craniata, 
104 * 

Mastodontoidea, 605 , 606 , 609 
Mastoid, Homo, 661, 562 : 

Mammalia, 640 : Primates, 

563 : Ptilocercus lowii, 648 

Maturation, Chondrichthyes, 

208 

Maxilla, Anas hoschas, 478 : 
Apteryx mantelli, 478 : Aves, 
4U»6 : Bony skull, 75 : 
Bradypus tridactylus, 629 : 
Canis familiaris, 678 : Cente- 
ies ecaudcUus, 647 : Cetacea, 
586 : Cheirolepis,2Si!dl Chelone 
mydas^ 406 ; Chondrosteus 
adpenseroides, 281 : Cocco- 
cephalus wildi, 282 : Colum- 
ba livia, : Craniata, 

77* : Crocodilus, 407 : 

Crocodilus porosus, 407 : 
Cfoialus, 408 : Vasypus 
sexcinctus, 627 : Dasyurus, 
: Diphpterar trailli, 287 : 
Bmys europaa, 405 : Equus, 


662 : Gadus morrhua, 

260 : Cinglymodi, 234 : 
Globiocephalus, 682 : Oor- 
gonopsia, 882 : Helichthys 
elegans, 280 : Holoptychius 
femingi, 288 : Homo, 661 : 
Ichthyophis glutinosa, 846 : 
Ichihyostega, 884 : Lacerta, 

361 : Leptolepis bronni, 

257 : Lepus cuniculus^ 

492, 494 . 496, 600, 602: 
Mammalia, 629 : Manatus 
senegalensis, 612 : Myrme- 
cophaga, 627, 628 : Ophidia, 
404 : Ornithorhynchus, 627 : 
Osteolepis macrolepidotus, 
286 : PalcBoniscus, 226 : 
Palceoniscus macropomus, 
227 : Petrogale penicillata, 
540 : Phascolotnys wombat, 
589 : Phoceena communis, 
586 : Polypterus, 273 : Pro- 
cavia, 615 : Prototheria, 528 : 
Rana, 809, 811, 312 : Sala- 
mandra atra, 345 : Salmo 
fario, 236, 287, 241, 243, 244: 
Scaphognathus, 893 : Se- 
bastes percoides, 260 : Sphen- 
odon, 404 : Tachyglossus 
aculeatus, 629 : Thrinaxodon 
liorhinus, 382 : Tritylodon 
longcBVus, 519 : Tropidonotus 
natrix, 408 : XenaHhra, 628 

Maxillary antra. Mammalia, 
671 

Maxillary foramen, Ornitho- 
rhynchus, 627 

Maxillary nerve, Craniata, 102, 
104* : Dog-fish, 192, 198 

Maxillary process, Lepus cuni- 
culus, 494 

Maxillo-jugal arch, Aves, 472 

Maxillo-palatine process, Anas 
hoschas, 478 : Aves, 485, 
472 : CarinatcB, 472 ; 

Columba livia, 484, 436 : 
Crypturi, 472 : Ratiics, 472 

MaxUlo-turbinal, Lepus cuni- 
culus, 495, 600, 502 

Meckel’s cartilage, Acanthodes, 
167 : Bony skull, 75 : Callo- 
rhynchus antarcticus, 220 : 
Cartilaginous skull, 72 : 
Chondrichthyes, 200 : Cocco- 
steus decipiens, 162 ; Crani- 
ata, 73*. 7^* : Cynognathus, 
888 : Dimetrodon,^SZl Dog> 
fish, 180, 181, 182, 186 : 
Epiceraiodus Jorsteri, 296 : 
Heptranchias, 202 : Lacerta, 

362 : Pleuracanthus decheni, 
i75 : Rana, 312 : Salmo 
fario, 243, 244, 245 : Scymn- 
osuchus, 888 : Tadpole, 818 : 
Urvlophus, 201 

Median basal plate, Coccosieus 
decipiens, 161 
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Median dorsal plate, Gemuen- 
dina sturtzi, 170 : Hetero- 
steus, 168 : Pterichthyodes, 

164 

Median fins. Teleostei, 268 
Median plate, Coccosieus deci- 
piens, 162 

Median sacral artery — See Cau- 
dal artery 

Median ventral plate, Pterich- 
thyodes, 164 
Mediaspidcs, 159 
Mediastinum, Lepus cuniculus, 

504 . 608 

Medulla of kidney, Mammalia , 
677 

Medulla oblongata, A lligator, 
415 : Callorhynchus antarc- 
ticus, 221 : Canis, 672 : 
Chondrichthyes, 206 : Colum- 
ha livia, 448 , 449, 460 : 
Craniata, 67, 97 *. 98 : Dog- 
fish, 190, 19 1 : Epiceraiodus 
forsteri, 800, 301 ; Holo- 
cephali, 220 : Lacerta, 869, 
870, 371 . 872 : Lepidosteus, 
280 : Lepus cuniculus, 502, 
510, 612 : Petrogale penicil- 
lata, 673 : Petromyzon, 142 : 
Petromyzon marinus, 141 : 
Rana, 826, 827 : Salmo 
fario, 250 : Tachyglossus 
aculeatus, 678 

Medullary canal, Clavellina, 

80, 81 : Mammalia, 682 

Medullary cord, Petromyzon, 

146 

Medullary fold, A lligator, 417 : 
Amphioxus, 52 : Ascidiaoea, 
30 : Aves, 482 : Epicera- 
todus forsteri, 803 : Pristiur- 
us, 209 : Rana, 830, 33i ^ 
Reptilia, 4^9 

Medullary groove. Alligator, 

417 : Ascidiacea, 30 * : Aves, 
482 : Chondrichthyes, 209 : 
Craniata, 95 *. : Dog- 

fish, 211 : Epiceraiodus for- 
steri, 301 , 803 : Gallus 

bankiva, 480 : LePus, 682, 
683 : Mammalia, 682 : Pris- 
tiurus, 209 : Rana, 123 : 
Kay. 211 

Medullary keel, Petromyzon, 

146, 146* 

Medullary plate, Amphioxus, 

52 , 63 : Ascidiaoea, 301 : 
Lepus, 683 

Medullary velum, Lacerta, 878 
Megacerops, 598 
Megachiroptera, 551 
Megalichthys, 287 
Megalichthys hibberti, 64 
Megalobatrachus, 340 
Megahhyrax, 615 
Megalonychidcs, 623 
Blegalon^oidea, 623 
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Megalonyx, 62 3 
Megalosaurus, 390 
Megalomeres, Rana, 329, 880 
Megapodes— ^ee Megapodius 
Megapodius, 461, 480 
Megaptera, 584 
Megatheriida, 623 
Megatherium, 623 
Meibomian glands, 

675 

Melanocetus poly actis, 867 
Melaiiodon» 656 
Meleaguis, 461 
Meles, 664 
Meles taxus, 575 
Membrana granulosa. Mam- 
malia* 680 

Membrana semilunaris, Colum- 
ba Hvia, 444 

Membrane bones — See Invest- 
ing bones 

Membrane of Reissner, Colum- 
ba livia, 451 

Membranellae, Tornaria, 7 , 8* 
Membranous cochlea, Lepus 
cuniculus, 514 

Membranous lab5rrinth, Colum- 
ba livia, 450, 451 : Craniata, 
1 1 7*; Dog-fish, 194: Holo- 
cephali* 219 : Homo, 676 : 
Lacerta, 878 : Lepus cuni- 
culus, 514 : 675, 

676 : Pseudophycis backus, 
279 : Rana, 827 
Membranous vestibule, Crani- 
ata, 1 17* 

Meniscotheriida, 567 
Meniscotherium, 567 
Meniscus, Columba livia, 432 
Menotyp^, 54b 
Mental prominence. Homo, 562 
Mento-meckelian, Rana, 311 , 
312, 318 

Menuridce, 462 
Mergansers — See Mergus 
Mergus, 461 

Meroblastic segmentation, 
Ohondrichthyes, 208 : Gan- 
oids, 284 : Reptilia, 417 
Meropidce, 462 
Merry-thought — See Furcula 
Merychippus, 593, 594, 645 
Mesacanthus, 159 
Mesacanthus peaehi, 158 
Mesaxonic loot, Oondylarthra, 
566: Mammalia, 644: Peris- 

•odaetyla, 537 

Mesencephalon — See Mid- 
brain. 

Mesenchyme, Perameles obesula, 

691 

Mesenteric arteries, Columba 
livia, 447 : Dog-fish, Ifl®, 
189 : Fishes, 89 , 90* : La- 
ceria, 867 , 36S, ^ : Lepus 
cuniculus, 508 , 506, 507 
Mesenteric vein, Lepus cuni- 


culus, 503, 508 : Salamandra 
maculosa, &0 '' 

Mesenteron, Aves, 484 : Lepus, 
686 : Rana, 123 
Mesentery, Oraniata, 67, 85* : 
Lacerta, 366 : Ptychodera 
hahamensis, 5 

Mesethmoid. Av68, 435 : Bony 
skull, 76 : Cartilaginous 
skull, 72 : Columba livia, 
484, 435 : Craniata, 72*, 76* : 
Globiocephalus, 582 : Homo, 
561 : Lepus cuniculus, 493, 
495, 602 : Loxodonta afri- 
cana, 604 : Mammalia, 639 : 
Manatus senegalensis, 612 : 
Rana, 312 : Xenarthra, 628 
Mesial rectrix, Columba livia, 
488, 427 

Mesoarium, Dog-fish, 195 : La- 
certa, 874, 375 
Mesocoele — See Iter 
Mesocoracoid, Salmofario, 246 : 

Teleostei, 274 

Mesocuneiform, Bradypus tri- 
dactylus, 630 : Cervus ela- 
phus, 647 : Dasypus sex- 
cincius, 681 : Equus cabal- 
lus, 648 : Lepus cuniculus, 
500 : Mammsma, 646, 684 : 
Mesonyx, 646 : Phalanger, 
540 : Sus scrofa, 648 : Tetra- 
pod, 80 : Tritemnodon agilis, 

Mesoderm, Amphioxus, 58, 54 : 
Chondrichthyes, 209, 210 : 
Clavellina, 81 : Craniata, 
122 : Callus bankiva, 480 : 
Pristiurus, 209 : Rana, 123, 
880, 331 : Salmo far io, 254 
Mesodermal somites Chondrich- 
thyes, 21 1 ; Craniata, 122* 
Mesoderm-strand, Petromyzon, 
146 

Mesodon, 235 ' 

Mesodon macropterus, 235 
Mesohippus, 591, 692, 593 » 
594 

Mesonephric duct, Craniata, 67, 

1 18: Dog-fish, 195, 196 : 
Epiceratodus forsteri, 301 : 
Holocephali, 222 : Rana, 327, 
' 3 ^ : Salmo fario, 252, 2 to 
Mesonephros, Columba livia, 

451: Craniata, 67, 118, ii9*» 
120 , 121 : Dog-fish, 195, 198: 
E^ceratodus forsteri, 301, 
808 : Myxinoidea, 151 : Pe- 
tr omyzon, 144 : Rana, 327 : 
Teleostei, 280 
Mesonychida, 577 
MesonyclioidM, 57^, 577 

Mesonyx, 644, 6M 
Mesoplodon, 584 
Mesopterygium, Chondrioli- 
thyes, 203 : Dog-fish, 183 : 
Macfopetalichthys prumien- 


sis, 168 ; Polypterus, 274 : 
Urolophus, 201 

Mesopterygoid, Salmo fario, 
241, 242, 244 

Mesorchium, Dog-fish, 197 : 

Lacerta, 874, 375 
Mesorectum, Lacerta, 366 : Le- 
pus cuniculus, 508 
Mesorhachic fin, Dipneostl, 290 
Mesoscapular segment, Insecti- 
vora, 549 

Mesosternum, Inseotivora, 
547 *• Mammalia, 638 

Mesostyle, 657* 

Mesozoic, Mammalia, 519 
Metacarpal remiges, Columba 
livia, 431 

Metacarpals, Alligator, 409 : 
A rch cBopteryx lithographica , 
465 ; Bradypus tridactylus, 
630 ; Cervus elaphus, 647 : 
Cetacea, 586 : Columba livia, 
438 : Edestosaurus, 889 : 
Equus caballus, 648 : La- 
certa, 864 : Lepus cuniculus, 
498, 499 : Sphenodon, 899 : 
tetrapod, 79*, 80 : Xenar- 
thra, 629 

Metacheiromys, 624 
Metacoele, Callorhynckus ant- 
arcticus, 221 : Columba livia, 
448, 450 : Dog-fish, 191 : 
Lacerta, 870, 371 : Petromy- 
zon marinus, 141 : Rana, 325 
Metacone, Mammalia, ^4*^, 
637 : Perissodactyla, 5^9 
Metaconid, Carnivora, 664 
Metaconule, MRniTnii.lii^ , 654* : 

Perissodactyla, 5^9 
Metacromion, Lepus cuniculus, 
497 

Metadiscoidal placenta, 689* 
Metaloph, PeruModactyla, 589 
Metamerism, Craniata, 123 
Metamorphosis, Ascidiacea, 28 
Metamorphosis, retrogressive, 
Ascidiacea, 34 

Metanephric duct, Craniata, 
67. 1 1 8, 12 1 : Dog-fish, 195 
Metanephros, Columba livia, 
451 : Craniata, 67, 118, 119*, 
I2O, 12 1 : Dog-fish, 195 
Metapleure, Amphioxus, 41*, 
57, 58 

Met^>ophysis, Lepus cuniculus, 
489, 490 : Myrmecophaga 
jubaia, 622 

Metaptexygium, Chondricl^ 

thyes, 203 : Do^-fish, 183, 
184 : Macropetahchthys pru- 
miensis, 168 ; Polypterus, 
274 : Urolophus, 201 
Metaptejygoid, LeptoUpis 

hronni, 257 : Salmo fario, 
241, 242, 244 : Salmo solar, 
245 

Metastyle, 657* 
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Metatarsals, Apteryx oweni, 
477 : Bradypus iridactylus, 
680: Cervus elaphus, 647 : 
Columha livia, 489, 440 : 
CrocodiluSt 410 : Emys 

europaa, 409 : Equus ca- 
ballus, 648 : Lacerta, 365 : 
Lepus cuniculus, 500 ; Or- 
nithorhynchus, 697 : Pro- 
totheria, 530 ^ Rana, 316 : 
Sphenodon, 899 : Sus scrofa, 
648 : Tetrapod, 80* 
Metatarsus, Gorilla, 565 : 
Homo, 565 : Ponge, 565 : 
Primates, 566 

Metatheiia, 517* 518, 530-541, 
659, 689 

Metencephalon — See Hind- 
brain 

Miacidce, 577 
BKiacoidea, 57^, 577 
Mice — See Mas, Myomorpha 
Microbrachius, 165 
Microcebus, 556 
Miciochiroptera, 551 
Microclcsnus, 656 
Microcyprini, 258 
Microdon, 265 
Microdon wagnevi, 264 
Micromeres, Petromyzon, 145 : 

Rana, 329, 380 
Micropyle, Salmo fario, 254 
Microodida, 462 
Microsmatic brain, Tarsius, 558 
Midas — See Leontocebus 
Mid-brain, Alligator, 417 : 
Craniata, 67, 97*, 08 ; Cyno- 
cephalus, 553 : Dog-fish, 190, 
191, 218 : Epiceratodus for- 
steri, 800, 301 : Callus ban- 
kiva, 481 : Lacerta, 371 : 
Lepus, 683 : Lepus cuni- 
culus, 510, 511, 512, 513 

MammaliA , 671 : Petrogale 
pmicillata, 678 : Rana, 830 : 
Beptilia, 414 : Tachyglossus 
aculeatus, 678 : Torpedo, 204 
Mid-digital remiges, Columba 
livia, 426, 431 

Middle basal, Acanthodes, 156 
Middle ear — See Tympanic 
cavity 

Mid -gut — See Mesenteron 
Mid-kidney — See Mesonephros 
Migration, Proboscidea, 608 
Milk-ducts, Cow, 687 : DideU 
phySt 687 : Halmaiurus, 

687 : Tachyglossus, 687 
Milk-teeth, Canis familiaris, 
652 : Mammalia, 651, 652 : 
Probosoidea, 605 
Miller's Thumb, 261 
Minimus, Tetrapod, 

Miocene, Dipneusti, 293 : Mam- 
malia> 518, 5^9, 57^. 572, 
576. 581, 584, 592, 593, 594, 
596, 597, O02, 609. 61 1, 615 


Miocleenina, 5O7 
Mioclcenus, 567 
Miohippus, 593, 594 
Mitral valve, Lepus cuniculus, 

505 

Mitsukurina, 176 
Moa — See DinornUhida 
Moeritheroidea, 605, 606 
Mceritherium, 606, 608 
Moeritherium andrewsi, 609 
Mola, 261, 275 

Molars, Bovoidea, 650 : Cteno- 
dactylus, 620 : Deltaiheri- 
dium, 656, 657 : Delta- 

theridium pretrituberculare, 

655 : Didelphodon, 656 : 
Dilambdodonta, 656 : Ele- 
phas maximus, 610 ! Eoti- 
ianops, 590 : Equus, 590, 
662 : Homo, 650 : Homo- 
galax, 590 : Hydrochaerus, 
620 : Hyrachyus, 590 : 
Hyracotherium, 590 : Lepus 
cuniculus, 492, 495, 501 : 
Loxodonta africana, 610 : 
Mammalia, 653*^. 654, 656, 
657 : Mastodontoidea, 609 : 
Melanodon, 656 : Mioclcen- 
us, 656 : Mceritherium an- 
drewsi, 609 : Ornithorhyn- 
chus, 525 : Palcsomastodon 
intermedius, 609 : Panto- 
theria, 656, 657 : Perisso- 
dactyla, 589. 590 : Phiomia 
osborni, 609 : Potamogale, 

656 : Primates, 555 •' Pro- 
boscidea, O05 : Ptilocevcus 
lowii, 548 : Rhinoceros, 590 : 
Rodentia, 620 : Sciurus, 
620 : Symmetrodonta, 656 : 

Ticniolahis, 520 : Tapirus, 
590 : Titanotherium, 590 : 
Triconodonta, 656 : Tri- 
lophodon, 609 : Triiylodon 
longcevus, 520 : Tupaia, 

656 : Zalambdalestes, 656 
Mole — See Talpa, Talpidce 
Molge, 340 
MolgulidcB, 35 

Mollymawks — See Diomedea 
melanophrys 
Momotidce, 462 
Monaspidas, 159 
Monaspis, 160 
Monitor indicus, 411 
Monitors, 38B, 402, 423 
Monkeys, 559 
Monk-fish, 177 

Monodactylous foot-structure, 

Perissodaotyla, 589 
Monodelphia— See Eutheria 
Monophyodont dentition. 
Mammalia, 652* 
Monopnenmona, 304 
Monotiemata-^See Prototheria 
Mordacia, 134, 148, 151 
Mormyroidea, 258 


Mormyrus caballus, 258 
M or opus, 599 
Moropus eiatus, 599 
Morula, Mammalia, 681 : Pro- 
totheria, 690 
Moschims, 602 
Moschus, 602 
Motmots — See MomoHdts 
Mouth, Amphioxus, 42*, 43, 
44, 56, 57 : Aves, 484 : B'a- 
lanoglossus, 8, 4 : Cephal- 
aspis, 127 : Cephalodiscus, 
11 : Chondrichthyes, 198 : 
Columha livia, 441 : Crani- 
ata, 61, 62, 67, 82 ; Dog-fish, 
178 : Epiceratodus forsteri, 
295 : Eptatretus cirratus, 
148 : Holocephidi, 217 : 
Homo, 675 : Labrichthys, 
262 : Lepus cuniculus, 501 : 
Mam m Alia. , 666 : Myxine 
glutinosa, 148 : Petromyzon, 

138 : Petromyzon fluviatilis, 
134 : Petromyzon marinus, 

139 : Rhabdopleura, 12 : 
Salpa, 25 : Salmo fario, 236 , 
247 : Tornaria, 7 

Mucous glands, Craniata, 68 
Mucous membrane, Craniata, 
82^ 

Mullerian duct. Amphibia, 352 : 
Callorhynchus antarcticus, 
222 : Craniata, i2i* : Dog- 
fish, 196 : Epiceratodus for- 
steri, 301 : Holocephali, 223 : 
Urodela, 851 — See also Ovi- 
duct 

Mullerornis, 458 
Mullet, 261 

Multituberculata — See AUo- 

theria 

Muodes lemmus, 616 
Mus, 687 

Mus decumanus, 666 
. Mus minutus, 616 
Mus musculus, 666 
Muscle plates, Amphioxus, 

42* 

Muscles, Aves, 476 : Chon- 
drichthyes, 203 : Columba 
livia, 440 , 441, 444 * Crani- 
ata, 67, 1 15 : Crotalus, 421 : 

Dog-fish, 66 : Lepus cuni- 
culus, 497 : Metatheria, 689 : 
Petromyzon, 138; Rana, 316, 
817 : Rat, 617 : Salmo 
fario, 247 : Urodela, 347 — 
See also Eye-muscles, Jaw- 
muscles 

Muscular bands, Doliolum, 24 : 

ScUpa democraiica, 24 
Muscular layer, Amphioxus, 
42 « ; Craniata, 66 
Musculi papillares, Lepus cuni- 
culus, 60a, 505 

Musculi pectinati, Lepus cuni- 
culus, 505 
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Musculo-cutaneous vein, Rana, 
B2B : Salamandra maculosa, 

850 

Musk Deer — See Moschus 
Musophagida, 462 
MustelidiB, 208, 575 
Musielina, 678 
Mustelus, 177 
Mustelus antarcticus, 66 
Muzzle, Antbropoidea, 559 *• 
Lemuroidea, 5^0 

Mycetes — See Alouatta 
Myelencephalon — See Medulla 
oblongata 
Myliobaiida, 177 
Myliohatis, 205 
Mylodon, 623 
Mylodon robustus, 623 
Mylodoniida, 623 
Mylo-hyoid muscle, Rana, 817 
Mylostomidcp, 159, 162 
Myocommas, Amphioxus, 42* : 
Craniata, 66 

Myohyrax, 615 
Myology — See Muscles 
Myomeres, A mphioxus, 41, 42 *, 
44, 46, 58 : Craniata, 66 
Myomoipha, 620, 621 
Myotome — See Protovertebra 
Myriacanthus, 214, 215 
Myrmecohius, 532, 534 
Myrmecophaga,' 62^, 626, 627, 
628 

Myrmecophaga jubata, 622 
Myrmecophagida, 623, 626 

Myrmeoophagoidea, 623 
Mystacooeti, 5^3. 584 
Myxine, 148, 149, 150, 151 
Myxine gluHnosa, 148, 150 
Myxinoidea, 125. 126 
Myxinoidei, 148-151 
Myxopterygia — See Claspers 


N 

Nails, Antloopoidea, 559 : 
M amm a lia , 635: Primates, 
555: Tarsius, 559 
Nannippus, 593 

Narcobatddea, 177 

Nares — See External nares. 
Internal nares 
Narwhale — See DelphinidcB 
Nasal, Apteryx mantelli, 472 : 
Aves, 485 : Bony skull, 75 
Bradypus iridaciylus, 629 : 
Canis famUaris, 578 : Oet« 
aoea, 586 : Chiroptera, 552 : 
Columba livia, 484, 436: 
Craniata, 76* : Crocodilus 
pordsus, 407 : Crotalus, 408 : 
Dasypus sexcinctus, 627 : 
Dasyurus, 589 : Diplopterax 
traillh 287 : Banns, 662 : 
Globiocephalus, BSSt : Holop- 
tycUus pemingi, 288 : Homot 


561, 562 : I chthyophis 

gluHnosa, 845 : Ichthyostega, 
884 : Lacerta, 360, 861 : 
Lemnzoidea, 55^ • Leptolepis 
bronni, 257 : Lepus cuni- 
cuius, 492, 494* «95, 500 : 
Mammalia, 689 : Myrmeco- 
phaga, 627 : Osteolepis mac- 
rolepidotus, 286 : Phascolo- 
mys wombat^ 539 : Phoceena 
communis, ^5 : Polypterus, 
278 : Primates, 563 '• P^o- 
cavia, 615 : ^totheria, 
528 : Rana, 811, 312 ; Sala- 
mandra atra, 845 : Salmo 
fario, 240, ^1, 242, 244 : 
Sirenia, 613 : sphenodon, 
404 : Thrinaxodon liorhinus, 
882 : Tritylodon longtevu^, 
519 : Tropidonotus nairix, 
408 : Xenarthra, 628 
Nasal capsule — See Olfactory 
capsule 

Nasal cartilage, Dog-fish, 185 : 
Orniihorhynchus, 527 : Vro- 
lophus, 201 

Nasal cavities. Apteryx, 471, 
478 : Homo, 676 : Lacerta, 
372, ^ 373 : Myxine, 149 : 
Rieptilia, 415 : Salamandra 
atra, 345 

Nasal fontanelle, Macropetal- 
ichthys rapheidolabis, 167 
Nasal glands, Lacerta, 378 : 

Petromyzon, 142 
Nasal process, Lepus cuniculus, 
494 

Nasal septum, Lepus cuniculus, 
500 : Tritylodon longcevus, 

519 

Nasal spine. Homo, 562 
Nasal tube, Myxine glutinosa, 

150 

Nasalis, 559 

Naso-buccal groove, Ohond- 
richtbyes, 199 Dog-fish, 178 
Naso-hypophysial opening, 

Anaspida, 131 ' Oepbal- 
aspidomorpbi, 126 : Cephai- 
aspis, 127 

Naso-palatine canal, Lepus 
cuniculus, 600 1 501 
Naso-turbinal process, Lepus 
cuniculus, 494, 495 
Navicular, Bradypus tridac- 
iylus, 680 : Cervus el(^hus, 
M7 : Dasypus sexcinctus, 
681 : Equus caballus, 648 : 
Macropus, 541 : Mammalia, 
646 : Mesonyx, 646 : PhaL 
anger, 540 : Lepus^uniculm, 
500 : Sus scrota, 648 : Tar- 
sius, 558 ; Xetrapod, 80 ; 
Tritemnodon agiiis,. 644 
Neck, Ccaalata,* 62 : Lepus 
cuniculus, 502 
Neeturus, 346, 347 


Neciurus maculatus, 339 
Neobalcena marginata, 584 
Neognathee, 460 
Neohipparion, 583 
Neo-pallium, Mammalia, 672 
Neoplagiaulax, 521 
Neopterygii, 152, 226, 233*--284 
Neomitbes, 465*^-486 
Nephridiopore, Amphioxus, 48* 
Nephridium A mphioxus, 41, 
44. 46, 48*^, 56 

Nephrostome, Cbondricbtbyes, 
21 1 : Craniata, 120 : Rana. 
824, 327 

Nerve-ganglia, Appendicularia, 

22 : A scidia,U, 16, 17, IS\ 
19, 33 : Ascidice composite, 

23 : Ascidiacea, 27, 34 : 
Cephalodiscus, 9, 11 : Dolio- 
lum, 24, 27, 35, 86 : Salpa, 
25, 27. 87 : Salpa demo- 
cratica, 24 

Nerves, relation to somites, 

105 

Nervous system. Amphibia, 
351 : Amphioxus, 48, 50 : 
Appendicularia, 26 : Ascidia, 
1 8* : Aves, 478 : Cephalo- 
discus, 9 : Columba livia, 
448 .* Craniata, 95* ' Dog- 
fish, 190 : Enteropnensta, 

6* : Epiceratodus forsteri, 
300 : Lacerta, 371 : Lepus 
cuniculus, 509 : Mammal, 
671 : Petromyzon, 140 : 
Rana, 325 : Salmo fario, 249 : 
Skate, eye, 115 

Nervus terminalis, Craniata, 
103* 

NestUng-down, Av68, 468 : 

Columba livia, 428 
Nests, Aves, 479 : CollocaUa, 
479 : Diomedea exulans, 479 : 
Diomedea Julginosa, 479 : 
Diomedea melanophrys, 479 : 
Megapodius, 480 : Ortho- 
tomus, 479 : Siruthio, 479 
Neural arch, Acipenser, 272 : 
Chimcera monstrosa, ^8 : 
Columba livia, 488 : Crani- 
ata, 67, 70* : Crocodilus, 
400: Dog-fish. 179, 180: 
Epiceratodus forsteri, 295 : 
Holocepbali, 218 : Lacerta, 
358, 859 : PalcBospondylus 
gunni, 170, 171 : Petromyzon 
marinus, 135, 186 : Rana, 
308, 309, 818 : Reptilia, 398 : 
Salmo fario, 289 : Scymno- 
rhinus, 200 : Urodda, 343 
Neural canal, Acipenser, fSSl : 
Amphioxus, 48'", 54 : Czani* 
66, ^ : Dog-fish, 179 ; 
Myxine, 149 : Peiromyxon 
marinus, 189» 144 
Neural cavi^, Craniata, 90 : 
Lepus cuniculus, 509 
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Neural gland. Ascidia^ 14, 16, 
17, 18*“, 19 ; AscidicB com- 
posites ^ 23 : Ascidies sim- 
plices, 27, 28 : Doliolum, 
27 ; Salpa, 27 

Neural plate, Acipenser ruth- 
enus, 281 : Chelone mydas, 
402 ; Dog-fish. 179, 180 
Neural processes. Dog-fish, 
180 : Pleur acanthus decheni, 
175 

Neural spines, Acipenser, 231, 
272 : Cetacea, 5^5 ' Chtm- 
esra monstrosa, 218 ; Croco- 
dilus, 400 : dog-fish, 179, 
180 : Epiceratodus forsteri, 
295 : Lacerta, 358, 359 : 

Lepus cuniculus, 489 : Pales- 
ospondylus gunni, 171 : 
Pleuracanthus decheni, 175 ; 
Python, 398 : Rana, 309, 
310: Salmo fario, 239, 240, 
248 

Neural tube, Craniata, 68 , 69 : 

Myxine glutinosa, 150 
Neural zygapophysis, Salmo 
fario. 239, 240 

Neurenteric canal, A mphioxus, 

53» 54 : Ascidiacea, 30 * : 
Aves, 482 : Chondrichthyes, 
211 : Mammalia, 682 : 

Rana, 380, 331 

Neurococle, 2 : Aniphioxus, 44, 

49*1 53 • Ascidiacea, 30* : 
Chondrichthyes, 210 : Crani- 
ata, 95 • Enteropneusta, 0 : 

Epiceratodus forsteri, 303 : 

Hyotremata, 211 

Neurocranium, Acanihodes, 

157 : Acanthodii, 156 : 

Craniata, 77* • Eacerta, 360 : 
Macropetalichthys rapheido- 
labis, 167 : Paleeospondylus 
gunni, 171 : Petalichthyida, 
165 : Proteus anguinus, 344 : 
Salmo fario, 240 
Neuromasts. Chondrichthyes, 
206: Craniata, no*: Dog- 
fish, 195^ : Fishes, log 
Neuron, Amphioxus, 41» 44, 
48*, 50, 53, 58 : Chordata, 
40* 

Neuropore, Aniphioxus, 49*, 
50, 53 i 56 ; Ascidiacea, 30 * : 
Clavellina, 30, 31 
Newts — See Molge 
Nictitating membrane, Chond- 
xiohtiisres, 20& : Columha 
livia, 426, 4^7 ^ Mammalia, 
675 : Reptilia, 416^ 
Night-jars — Sec Caprimulgi 
Ninth cranial nerve — See 
Glossopharyngeal nerve 
Non-deciduate placenta, 088 * 
North American Water-newt 
^See Necturus maculettus 
Nose, Anthropoldea, 559 


Nostrils, Anthropoidea, 559 : 
Columba livia, 426, 427, 442 : 
Craniata, 62 : Dog-fish, 178 : 
G alius bankiva, 481 : Ichthy- 
ophis glutinosa, 345 : 
Lemuroidea, 5^ : Myxine, 
149 : Palesoniscus macro- 

pomus, 227 : Petromyzon, 
142 : Petromyzon fiuviatilis, 
146 : Polsrpterini, 232 : 
Polypterus, 273 : Polypterus 
bichir, 232 : Pteraspido- 
morphi, 131 : Salmo fario, 
23O. 237 : J arsius, 558 
Notacanthus honapartii, 265 
Notadiaphorus, 569 
Nothosauria, 383 
Notidanides, 205 
Notidanoidea, 176 
Noiidanus, 176 
Notioprogonia, 571 
Notochord, A cipenser, 231, 
272 : Amblystoma, 343 : 

Amphioxus, 41, 43 *, 44, 53, 
34 , 56 : A ppendicularia, 22 : 
Ascidia, 33 : Ascidiacea, 3^. 
34 : Aves, 4 ^ 1 , 484 : 

Balanoglossus, 3 : Callo- 
rhynchus antarcticus, 220 : 
Cephalodiscus, 9, 11 : 

Chimaira monstrosa, 218 : 

Chrondrichthyes, 199^ 210, 
211 : Chondrostei, 231 : 

Chordata, 1* : Clavellina, 30, 
31 : Craniata, 67, 68 *, 69, 
71, J22: Dog-fish, 179: 
J)oliolum, 35 : Enterop- 
neusta, 5* • Ginglymodi, 
235 : Larvacea, 21* : Myx- 
ine glutinosa, 150 : Petro- 
myzon, 133, 142, 146 : Petro- 
myzon marinus, 135,136, 139, 
144 : Pleuracanthus decheni, 
175 : Pristiurus, 209 : Proteus 
anguinus, 344 : Ptero- 

branchia, 8 : Rhabdo- 

pleura, ii, 12 : Ra^ta, 128, 
330 : Ranidens, 343 : Salmo 
salar, 245 : Spelerpes, 343 
Notochordal canal. Mammalia, 
682 

Notochordal cells, Craniata, 68 
Notochordal groove, Macro- 
petalichthys rapheidolabis, 

167 

Notochordal sheath, Acipenser, 
281 : Amphioxus, 43*, 46, 
58 : Craniata, 68 , 69* 
Notochordal tissue, A mphi- 
oxus, 43 

NotohippideB, 571 

Notopteroidea, 258 

Notopterus, 258, 265 
Noiopterus kapirat, 266 
Notornis, 470, 474 
Notoryctes, 532 
^^otorydes tyhhps, 534 


Notoryctidee, 532 
Notostylopidee, 571 
Nototheriuni, 533 
Nototherium mitchelli, 537 
Nototrema, 352 
Noiotrema marsupiatum, 353 
Notoungnlata, 570 
Nuchal plate, Cistudo lutaria, 
401 : P ter ichthy odes, 163 
Nufnida, 461 

Nurse Hounds — See Mustelus 
Nycticebus, 357 


O 

Oar-fishes, 261 
Oblique muscles, Chondrich- 
thyes, 203 : CraniaU, eye, 
1 13* : Dog-fish, eye, 192, 
1 94 : Rana, 316, 317 : 

Skate, eye, 115 
Obliciue septum, Aves, 446 : 

Columha livia, 442, 443 
Obstetric toad — See A lytes 
ohstetricans 

Obturator foramen. Alligator, 
409 : Dasypus sexcinctus, 
631 : Halmaturus ualabatus, 
538 : Lacerta, 864, 365 • 

Lepus cuniculus, 498, 499 • 
Ornithorhynchus, 627 : Sala- 
mandra, 346 

Obturator notch, Columba 

livia, 432, 438 

Occipital bone, Columba livia, 
435 • Lepus cuniculus, 493 
Occipital canal, Amia calva, 

108 

Occipital condyle, -4 nas boschas, 
473 : Apteryx mantelli, 478 : 
Aves, 471 : Callorhynchus 
antarcticus, 220 : Canis 

familiaris, 678 : Chelonia, 
406 : Chondrichthyes, 200 : 
Columha livia, 435 : 

Crocodilus, 407 : Dasyurus, 
539 : Dog-fish, 181 : Emys 
europcea, 405 : Equus^ 662 : 
Holocephali, 219 : Laby- 

rinthodontia, 337 • Lacerta, 
360, 361 : Lepus cuniculus, 
491, 492, 493 . 495 : Myrme- 
cophaga, 627 : Procavia, 
615 : Piilocercus lowii, 

548 : Rana, 311 ; Sala- 
mandra air a, 345 : Salmo 
fario, 240 : Sphenodon, 404 : 
Tachyglossus aculeaius, 529 : 
Tropidonotus natrix, 403 
Occipital crest, Macropetal- 
ichthys rapheidolabis, 167 : 
Salmo fario, 240 
Occipital nerves, Craniata, 102* 
Occipital nerve foramina, 
Acanihodes, 157 
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Occipital plane, Canis famili- 
oris, 642 : Homo, 642 : 

Lemoroidea, 563 : Mammalia, 

641, 642 : Papio, 642 : 

Phascolarctos, 642 : Primates, 
563 

Occipital region, Craniata, 71* : 
Dog-fish, iSi : Mammalia, 
641 : Salmo fario, 2^0 
Occipital rib, Epiceratodus for- 
steri, 295 , 296 : Protopterus, 
805 

Occipital segment, Craniata, 
76* 

Oceanites, 4O1 
OchotonidcB, 620 
Octacnemus, 25* 

Oculomotor nerve, Craniata, 
102 , 103* : Dog-fish, 190 : 
Epiceratodus forsteri, 300 : 
Petromyzon, 142 : Peironiy- 
zon marinus, 141 ; skate, 
115 

Oculomotor nerve foramen, 
Dog-fish, 180 , 18 1 
Ocydromus, 470, 474 
Odohcenida, 576 
Odontaspidce, 176 
Odontaspis, 176 
Odontoblasts, Craniata, 83 * : 

Mammalia, 650 
Odontoceti, 5^4 
Odontognatha, 455 
Odontoid, Privates, 560 
Odontoid bone, Crocodilus, 400 
Odontoid process, Artiodactyla, 
587 : C^ondrichthyes, 200 ; 
Lacerta, 358, 359 : Lepus 
cuniculus, 489 : Urodela, 
343 

Odontopteryx, 477 
QSsophageal artery, Rana, 321 
Gi^sophageal diverticulum — See 
Notochord 

QEsophageo-cutaneous duct, 
Eptatretus, 149 : Eptatretus 
cirratus ,148 : Myxine, 149 : 
Myxine glutinosa, 150 
CEsophagus, Appendicularia, 
22 : Ascidia, 16*: Cepha- 
lodiscus, 11 : Dog-fish, 184, 
185 : Lacerta, 366 , 869 : 
Lepus cuniculus, 502 , 503 , 
508 : Mammalia, 666, 667 : 
Pecara» 667 : Phoccena, 668: 
Ptychodera hahamensis, 5 : 
Rhahdopleura, 12 : SaXpa, 
25 , 37 : Turtle, 412 
Okapi, 602 
Oikopleura, ig*, 22 
Oil-gland, Columba livia, 42 C, 
427* 442 

Olecranon process, Lacerta, 
364 : Lepus cuniculus, 499 : 
Ornithorhynckus, 527 
Ollactory bulb. Alligator, 415 ; 
Callorhynchus antarcHms, 


221 : Canis, 672 : Chon- 
richthyes, 205 : Columba 
livia, 449, 450 : Craniata, 

99* : Dog-fish, 190 : Epi- 
ceratodt^s forsteri, 300 , 301 : 
Holocephali, 221 ; Lacerta, 
869 , 870 , m, 372 : Upi- 
dosteus, 280 : Lepus cuni- 
culus, 502 , 509, 510 , 511 , 
512 : Ornithorhynckus 

anatinus, 674 : Petrogale 
penicillata, 673 : Petro- 
myzon, 14 1, 142 : Petro- 
myzon marinus, 141 : Pseudo- 
phycis backus, 279 : Rana, 
818 , 325. 326 : Salmo fario, 
2^9. ^0, 251 : T achyglossu s' 
aculeatus,^ 673 : Teleostei, 
280 

Olfactory capsule, Acipenser, 
272 : Cartilaginous skull, 
72 : ChimcBra manstrosa, 
218 : Chondrichthyes, 206 : 
Craniata, 71*- Dog-fish, 180, 
192, 198 : Epipetalichthys 
wildungensis, 166 : Lacerta, 
361 : Macropetalichthysraph- 
eidolabis, 167 : Petromyzon, 
i37*» 142 : Petromyzon 

marinus, 135, 136, 139 : 
Protopterus, 305 : Rana, 309, 
311, 312 : Salamandra atra, 
345 : Salmo farto, 241 : 
Tadpole, 813 

Olfactory commissure. Mam- 
malia, 673 

Olfactory fossa. Homo, 562 : 
Lepus cuniculus, 496 : 

Xenartha, 628 

Olfactory lobe, A mphioxus, 
49 ' Craniata, 98, 99 * • 
Epiceratodus forsteri, 300, 
301 : Petromyzon, 141 , 142 : 
Petromyzon marinus, 141 

Olfactory mucus membrane. 
Mammalia, 675 : Petromy- 
zon, 111 : Salamandra, 111 

Olfactory nerve, Craxdata, 
103 '* : Petromyzon, 142 : 
Petromyzon marinus, 141 

Olfactory nerve foramina, 
Craniata, 72* : Emys euro- 
paa, 4^ : I^epus cuniculus, 
495 : Salamandra atra, 345 

Olfactozy oigans Chondrich- 
thyea, 206 : Columba livia, 
450 : Craniata, m : Dog- 
fish, 194 : Lacerta, 372 : 
Rana, 325 

Olfactory peduncle, Callor- 
hynchus antarcticus, 221 : 
Dog-fish, 190 : j^iceratodus 
800,301: aolocephali, 
221 : Lacerta 370, 371 • 
Lepus cunictdus, 509 : 
Pseudophyds backus, 279 : 
Tel 609 tdi, 28 o 


Olfactory pit, Amphioxus, 44, 

49, 50 . 

Olfactory region, Craniata, 
71* ; L.acerta, 378 
Olfactory ridges. Homo, 675 
Olfactory sacs. Amphibia, 351 •* 
Chondrichthyes, 199 ' Dog- 
fish, 192, 213 : Petromyzon, 
142, 148 : Petromyzon 

marinus, 189 : Rana, 325 : 
Salmo fario, 251 — See also 
Nasal cavities 

Olfactory tracts — See Olfactory 
peduncles 

Oligocene, Mammalia, 518, 543, 
5fi9. 572, 573» 577. 583, 584, 
591, 592, 593» 594. 59b. 598, 
600, 609, 615, 620, 624, 

632 

Olivary body, Lepus cuniculus, 

513 

Omentum — See Duodeno- 

hepatic, Gastro-hepatic om- 
entum, Great omentum 
Omosterum, R.ana, 314, 315, 
318 

Onohippidium, 593, 595 
Onychodactylus, 342 
Onychodectes, 616 
Oosperm, Amphioxus, 51 : 

Aves, 479 

Opercular, Cheirolepis, 222 : 
Chondrosteus acipenseroides, 

231 : Coccocephalus wildi, 

232 : Diplopterax trailli, 

287 : Epiceratodus forsteri, 
297 : Helichthys elegans, 
2 ^ : Holoptychius flemingt, 

288 : Leptolepis bronni, 

257 : Osteolepis macrolepi- 
dotus, 286 : Palceoniscus 
macropomus, 227 : Poly- 
pterus, 273 : Protopterus, 
305 : Pierichthyodes, 163 ; 
Salmo fario, 237 , 24 l, 

243 : Sebastes percoides, 

260 . 

Opercular fold, Aves, 483 
Opercular rays, Chimcera mon- 
strosa, 218 : Holoeephali, 
219 

Operculum, Balanoglossus, 4* : 
Cepkalodiscus, 11 : Crani- 
ata, 62 ; Epiceratodus 
forsteri, 295, 206 : Holo- 
oephali, 217 : Salmo fario, 
236 : Teleostei, 267 
Ophidia, 376, 388, 389, 393-- 
425 passim 

Ophthalmic arteries, Dog-fish, 

188 

Ophthalmic nerve, Amia calva, 
108 : Chondfichihyes, 19 ^ • 
Oxaniaia, 102, 104 ^ : Dog- 
fish, 192, 198 : Macro- 
^alickihys rapheidoloMs, 
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Ophthalmic nerve foramen, 
Callorhynchus antarcticus, 

220 : Dog-fish, 180, i8i : 
Salamandra aira, 346 

Opisthoccelous vertebrae, 
Amphibia, 343 : Aves, 4^9 ^ 
Ginglymodi, 234 : Teleostei, 
271 

Optsthocomus, 461, 466 

Opisthomi, 261 

Opisthotic, Aves, 435 : Bony 
skull, 76 : Craniata, 75 * : 
Chelone mydas, 406 : CoU 
umba livia, 435 : Lacerta, 
360, 361 : Mammalia, 640 ; 
Salmo fario, 242 
Opolemur, 556 
Opossum — See Didelphidce 
Optic artery, M acropetalich- 
thys rapheidolahis, 167 
Optic capsule — See Sclerotic 
Optic chiasma, Columba livia, 
460 : Dog-fish, 191 : Lac- 
erta, 370 , 872 : Lepus cuni- 
culus, 612 : Petrogale 

penicillata, 673 : Rana, 
326 : Tachyglossus aculeatus, 
673 

Optic cup, Craniata, 114*, 
116 

Optic foramen. Apteryx man- 
telli, 472 : Aves, 435 : 
C him Of r a monstrosa, 218 : 
Craniata, 72* : Dog-fish, 
180, 1 81 : JMcerta, 361 : 
Lepus cuniculus, 492, 493 . 
496 : Metatheria, 530 , 539 : 
Ptilocercus lowii,Mi : Rana, 
311 : Salamandra atra, 845 : 
Salmo salar, 245 : Tadpole, 
313: Tropidonotusnatrix,VilO 
Optic lobe. Alligator, 416 ; 
Callorhynchus antarcticus, 

221 : Columba livia, 449, 
460 : Craniata, 98, 99*^: 
Dog-fish, 191 : Lacerta, 869, 
870, 371 : Lepidosteus, 2^ : 
Lepus cuniculus, 513 : 
Blammalia, 671 : Petro-- 
myzon, 140, 142 : Petro- 
myzon marinus, 141 : Pseudo- 
phycis bachus, 279 : Rana, 
818, 325. 826 : Salmo fario, 
248, 249, 260 

Optic nerves, Callorhynchus 
antarcticus, 221 : Columba 
livia, 451 : Craniata, 102, 
103*, 1 12 : Dog-fish, 190 : 
Epiceratodus forsteri, 800 : 
Ganoids, 280 : Holooephali, 

222 : Lepus cuniculus, 612 : 
Petromyzon, 142 : Petro- 
myzon marinus, 141 : Salmo 
fario, 260, 251, 262 : Teleo- 
8t^» 280 

Optic nerve foramen— ^See 
Optic foramen 


Optic recess, Lacerta, 872 
Optic stalk, Craniata, 116 
optic thalami, Craniata. 98. 
99* : Dog-fish, T91 : Holo- 
Cephali, 220 : Lacerta, 371 : 
Lepus cuniculus, 511, 512 : 
optic tracts, Columba livia, 
449 : Lacerta, 870, 371 : 
Lepus cuniculus, 511, 513 : 
Salmo fario, 260 
Optic ventricle, Craniata, 98, 
99* : Rana, 326 
Optic vesicle, Craniata, 114*, 
116 : Lepus, 683 
Optoccele, Columba livia, 449, 
460 : Dog-fish, 191 : La- 
certa, 371 : Rana, 325 
Ora serrata, Craniata, t 12* 

Oral aperture, Appendicularia, 
22 : Ascidia, 13 *. 14, 15 : 
Ascidia composita:, 23 : As- 
cidiacea, 34 : Doliolum, 24, 
35, 36 : Pyrosoma, 26 : Salba, 
37 : Salpa democratica, 24 
Oral hood, Amphioxus, 41, 42*, 
43 . 44 

Oral lobes, Salpa democratica, 
24* 

Oral plates, Pteraspis rostrata, 

132 

Oral sphincter, Ascidia, 19 
Orang Utan — See Ponge 
Orbicular, Lepus cuniculus, 497 
Orbital plate, Columba livia, 
484 : Drepanaspis gemun- 
densis, 183 : Pteraspis ro- 
strata, 182* 

Orbital process, Aves, 436 : 
Columba livia, 436 : Tadpole, 

313 

Orbital sinus. Dog-fish, 188 
Orbito-nasal foramen. Apteryx 
mantelli, 472 

Orbito-sphenoid, Aves, 436 : 
Bony-skuU, 76 : Craniata, 
76* : Homo, 661 : Lepus 
cuniculus, 492, 493 . 496 : 
Mammalia, 639 : Salmo 
fario, 242, 244 

Orbits, Ajoaspida, 131 ^ An- 
thropoidea, 559 : Apteryx, 

471 • Aves, 471 • Carnivora, 

577 : Cephalaspis, 127 : 

'Climaiius reticulaius, 166 : 
Craniata, 71* : Crocodilus, 
407 : Dinornithida, 471 : 
Dog-fish, 181 : Epipetalich- 
thys wildungensis, 166 : 
Halmaturus ualabatus, 688 : 
Homo, 562 : Ichthyophis 
glutinosa, 346 : Lemnroidea, 
563 : Macropetalichthys 

rapheidolabis, 167 : Mam- 
639 : Phoceena com- 
munis, 686 : Polypterus, 
273 : Friniaies* 5^3 ^ Fteiy 
aspidomorphi, 131 : Salmo 
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fario, 241 : Tarsius, 557, 
559 

Orca gladiator, 681 
Orectolobidce, 176 
Orectolobus, 177 
OreodoniidcB, 600 
Oriental Tree Shrews — See 

Tupaiidee 

Origin — See Distribution, geo- 
logical 

Omithischia, 390, 4^4 
Ornithodesmus, 393 
Omithopoda, 390 

OrnithorhynchidcB, 523 
Ornithorhynchus, 525, 627 , 630 , 
658, 674 

Ornithorhynchus anatinus, 624 , 
674 

Ornithosuchidce, 387 
Oro-branchial area, Cephalas- 
pis, 130* 

Orohippus, 593, 594 
Orthopoda, 390 
Orthotomus, 479 
Orycteropus, 632, 660 
Orycteropus capensis, 633 
Orycteropus gaudryi, 633 
Os cloacae — See Hypoischium 
Os cordis, Ungulata, 671 
Os uteri, Lepus cuniculus, 616 
Ostariophysi, 261 
Osteocranium — See Secondary 
cranium 

Osteodentine, 83* 
Osteoglossoidea, 25^ 
OsteolepidcB, 287 
Osteol^is, 226, 287, 336 
Osteol^is macrolepidotus, 286 
Osteostraci, 125, 126 
Ostium tubae, Erinaciidee, 678 
Ostracion, 261 
Ostracodermi, 125 
Ostrich — See Struthio 
Ostrich, South American — See 
Rhea 

Otariidm, 576 

Otic process, Aves, 435 : 
Columba livia, 436 : Proteus 
anguinus, 344 : Rana, 309 , 
310, 311 : Tadpole, 318 
Otidm, 461 

Otocyst, Appendicularia, 22 , 
27 : Ascidia, 33 : Doliolum, 
27 

Otolemur, 557 

Otolith, Craniata, 117* : Dog- 
fish, 195 : Salmo fario, 262 
Otters — See Mustelidee 
Otter Shrew — See Potamogale 
Ova, Asoidiacea, 28 , 29 : Aves, 
479 : Carcharinidm , 208 : 

Chilobranchus, 284 : Chon- 
drichthyes, 207, 212 : dona, 
29 : Columba livia, 452 ; 
Craniate, 122 : Dog-fish, 195, 
198 : Epiceratodus forsteri, 
301, 303 : Callus bankiva. 
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480 . 482 : Homo, 679 : 
Ichthyophis glutinosa, 358 : 
Mammalia, 679, 680 : Muste- 
lida,2o8: Protollieria,69o ; 
Rana, 329 : Salmofario, 253 : 
Somniosus, 208 

Ovarian artery, Fishes, 90* : 

Lepus cuniculus, 506 
Ovarian veins. Fishes, 91* : 

Lepus cuniculus, 508 
Ovary, Appendiculafia , 28 : 

Ascidia, 16, 18 : Ascidice 
compositcB, 28 : Ascidice 
simplices, 28 : Ciphalodiscus, 
9 * 11 : Chondrichthyes, 207 : 
Columba livia, 451 , 452 : 
Cianiata, 122 : Didelphys 
dorsigera, 685 : Dog-fish, 
185, i95» 198, 207 : Dolio- 
lum, 24, 28 : Enteropneusta, 
7* : Epiceratodus forsteri, 
301 . 302 : Homo, 679 : 

Laceria, 369, 374, 375 : 
Lepidosteus, 282 : Lepus 
cuniculus, 515, 516 : Mam- 
malia, 677 : Myxine, 15 1 : 
Peifomyzon matinus, 139 ; 
Phascolomys wombat, 685 : 
Pyrosoma, 28 : Rana, 328, 
329 ; Saimo fario, 253 : 
Salpa, 28 : Teleostei, 282 ; 
Tfichosurus, 685 : Uro- 
choida, 28 : XTrodela, 351 
Oviduct, Amia, 281 : Am- 
phibia, 352 : Ascidia, 18 : 
Cephalodiscus, 9 , 11 : Chon- 
drichthyes, 207 ; Columba 
livia, 451 , 452 : Craniata, 
118 : Dog-fish, 195 , 196, 198 : 
Epiceratodus forsteri, 301 , 
302 : Eatheria, 678 : 

Ganoids, 282 : Lacerta, 369, 
874, 375 : Lepidosteus, 281 : 
Lepus cuniculus, ^16 : Mam- 
malia, 677 , 678 , 679 : Rana, 
828, 329 : Smelt, 282 : 

Urodela, 351 

Oviparous, Blammalia, 690 : 

Beptilia, 416 
Owls — See Strigides 
Oxen — See Bovoidea 
Oxycena, 576 
Oxyanida, 577 
Oxymnoidea, 576* 577 
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PACSTOOSMWJt, 235 
Packynolophus, 593 
Pachyosteus, 162 
Pacinian corpuscles, Cxaniata, 
109* 

Paedogenesis, Amblysioma 
tigrinium, 353 : Amphilda, 
353 


Painted Snipe — See Rostra- 
dulidcs, 461 

Paired fins, ActiniStia, 288 : 
Dipnausti, 290 : Epicerato- 
dus forsteri, 294 : Bhipi- 
distia, 285 : Teleostei, 269— 
See also Pectoral & Pelvic 
fins 

Paltsanodon, 624 
Palseanodonta, 622, 624 
PalceaspidcB, 126, 131 
Palaeocene, Blammalia, 518, 
542» 543. 566, 568, 569, 571. 
573. 576. 616 
PalcBochiropteryx , 551 
PalcBognathes, 456 
PaltBogyrinus, 335, 886 
PalcBogyrinus decorus, 336 
Palceomastodon, 607, 608 
Palcsomastodon intermedius, 
609 

PalcBomerycidcs, 602 
PalcBoniscides, 229 

Palmonisooidei, 226 

PalcBoniscus, 226, 227, 229 
Palceoniscus macropomus, 227 

Palaeopteiysii, 152. 226 
Paleeospondylia, 152* 154. 

171 

Palseospondyloidea, 125, 126 
Palceospondylus, 126 
Palceospondylus gunni, 369- 

172 

PalcsotheriidcB, 589 

PalcBotherium, 593 

Palate, Dipterus valenciennesi, 

292 : Eatheria, 541 • Lepus 
cuniculus, 495 : Metatheria, 
538 : Passerilormes, 472— 
See also Hard palate, Soft 
palate 

Palatine, Anas boschas, 478 : 
Apteryx mantelli, 472, 478 : 
Aves, 485 : Bony skull, 75 : 
Cannatas, 472 : Canis famil- 
iaris, 578 : Chelone my das, 
406 : 0 helonia, 4 o 6 : Colum- 
ha livia, 484, 436 : Craniata, 
77* : Crocodilus, . 407 : 

Crotalus, 403 : Crypturi, 
472 : Globiocephalus, 582 : 
Homo, 561 : Ichthyophis 
gMinosa, 345 : Ichthyo- 
stega, 2 M : Lacerta, 861, 
362 : Lepus cuniculus, 46 ® : 
Mammalia, 6®9 : Myrmeco- 
phaga, 627, 628 : Ophidia, 

404 : Omiihorhynchus, 527 : 
Petrogale penicillata, 540 : 
Rana, 310, 811, 312 ; Rati- 
ta, 472 : Saimo fario, 241 , 
242, m : Sphenodon, MM, 

405 : Tachyglossus aculeatus, 
528 : Thrinaxodon liorhinus, 
382 : Tritylodon longavus, 
519 : Trofidonolus natrix, 
408 : Orodeio, 344 


Palatine foramina. Anas 
boschas, 478 : Lepus cunicul- 
495 * Omiihorhynchus, 
te7 : Ptilocercus lowii, 548 : 
Tritylodon longavus, 519 
Palatine nerves, Craniata, 102, 
104 * : Dog-fish, 192, 198 : 
Macropetalichthys rapheido- 
labis, 167 

Palatine plates, Crocodilia, 408 : 
Lepus cuniculus, 495 : Blam- 
malia, 639 : Xenarthra, 628 
Palatine process, Lepus cuni- 
culus, 494 

Palatine tooth, Callorhynchus 
antarciicus, 220 : Epicerato- 
dus forsteri, 2 M, 297 ; Holo- 
cephali, 215, 219 : Lacerta, 
336 : Saimo fario, 236 
Palatopterygoid, Epiceratodus 
forsteri, ^6 

Palatopterygoid bar, Tadpole, 

818 

Palatopterygoid region, Saimo 
salar, 245 

Palatoquadrate, Acipenser, 
272 : Callorhynchus antarc- 
ticus, 220 : Cartilaginous 
skull, 72 : Cesiracion, 201 : 
Chimcera monstrosa, 218 : 
Chondriohthyes, 200 , 201 : 
Craniata, 77 ’ Dog-fish, 180, 
1 81, 185 ; Epiceratodus for- 
steri, ^5 : Hepiranchias, 
201 , 202 : Hexanchus, 201 : 
Holocephali, 218 : Palao- 
spondylus gunni, 171, 172 ; 
Pleuracanthus decheni, 175 : 
Proiopierus, 305 : Rana, 
310 , 811 : Saimo fario, 242 : 
Urolophus, 201 

Palatoquadrate cartilage, 
Acanihodes, 157 : Craniata, 
73 * : Protopterus, 805 
I^allium, Craiiiata, 98, 100 : 
Epiceratodus forsteri, 300 : 
Teleostei, 100 

Palmar sesamoids, Prototheria, 
530 

559 

Pan troglodytes, 562 
Pancreas, Chrondrichthyes, 
205 ; Columba livia, 442, 
443 : Craniata, 87, 84*^ : 
Dog-fish, 184, 186 : Fishes, 
89 : Lacerta, 866 , 867, 869 : 
Lepus cuniculus, 508, 504 : 
Myxine, 149 : Petromyeon, 
140 : Rana, 818# 819 : 
TeleostM, 276 

Pancreatic duct, Columba livia, 
442, 443 : Lepus cuniculus, 

508 , 504 : nana, m 

Pancreatic juice, 84* 

Panda — See Mlurus fulgens, 
Procyonid0 

Pangdiui5---See Pholidoia 
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Panocihus, 624 

Pantodonta, 568 

Pantolamhda, 568 
PantolambdidcB, 568 

Panthotheria* 517, 518, 522*, 

066, 657 

Paj^ae, Peiromyzon fluviatilis, 

Papio, 559, 642 
Papio anubis, 565 
Parachordals, Oraniata, 70*, 
71 : Salmo salar, 245 
I'aracoeles, Columba livia, 449 : 
Dog-fish, 191, 205 : Fishes, 
97* : Lacerta, 371 : Blam- 
malia, 671 ; Peiromyzon, 
141 : Rana, 325 ; Squatina, 
205 

Paracone, Mammalia, 654’*', 
657 : Perissodactyla, 5^9 
Paraconid, Carnivora, 664 
Parafibula, Metatheria, 540 
ParahippaHon, 595 
Parahtppus, 593. 594 
Pararnyxine, 148, 151 
I’araphysis, Cianiata, 99 * : 
Lacerta, 372 

l*arapineal eye, Craniata, 99* 
Par^ineal organ, Peiromyzon, 

Parapophysis, Acipenser, 231 : 

Salmo fario, 230 
Parapsid skull, 376 , 377 
Pa^aquadrate — See Squamosal 
Parasphenoid, Acipenser, 272 : 
Aves, 436 : Bony-skull, 75 : 
Columba livia, 434 , 435 : 
Craniata, 70* : Epiceratodus 
forsieri, 296 : Ichthyostega, 
334 : Lacerta, 360, 361 : Lepto- 
lepis bronni, 267 : Polype 
terus, 272 : Prototheria, 528 : 
Rana, 311 , 312 : Salamandra 
atra, 345 : Salmo fario, 240, 
242, 944, '248 : Thrinaxodon 
liorhinus, 382 : Urodela, 
344 

Parasphenoidal rostrum, Aves, 
472 

Paraxonic manus, Mesonyx, 

646 

Paraxonic pes, Artiodaotyla, 
587 : Mesonyx, 644, 646 
Parencephala — ^See Cerebral 
hemispheres 

Parencephalic lobes — See 
Cerebral hemispheres 
Parental care. Amphibia, 352 
Parexus, 159 
Pavexus incurvus, 168 
Parieasaurus, 378 
Parietal, Apteryx mantelli, 472 1 
Avea, 486 : Bony skull, 76 ; 
Bradypus tridactylus, 629 : 
Canis familiaris, 578 : 
Centetes ecaudatus, 547 : 
Oetaoaa, 586 : Cheitohpis, 
VOt. II. 


228 : Ckelone my das, 406 : 
Chelonia, 406 : Coccocephalus 
wildi, 932 : Columba livia, 
434 , 435 : Craniata, 76 : 
Crocodilia, 407 : Crocodilus 
porosus, 407 : Dasypus sex^ 
cinctus, 627 : Dasyurus, 
639 : Diplopierax trailli, 

287 : Emys europcra, 406 : 
Equus, 662 : Glohiocephalus, 
582 : Holoptychius flemingi, 

288 : Homo, 561 : Ichthyo- 
phis glutinosa, 345 : Ich- 
thyostega, 334 : Lacerta, 360, 
361 : Leptolepis bronni, 257 : 
Lepus cuniculus, 492 , 493, 
405 : Mammalia, 639 : Man- 
atus senegalensis, 612 : Myr- 
mecophaga, 627 : Ophidia, 
403 : Osteolepis macrole- 
pidotus, 286 : PaleBoniscu^ 
macropomus, 227 : Phoccena 
communis, 585 : Polypterus, 
273 : Procavia, 615 : Sala- 
mandra atra, 345 : Salmo 
fario, 240, 241 , 242 : Sirenia, 
6t2 : Sphenodon, 404 , 405 : 
Thrinaxodon liorhinus, 382 : 
Tropidonotus natrix, 403 : 
Urodela, 344 

Parietal arteries. Dog-fish, 189 
Parietal foramen, Lacerta, 360, 

361 

Parietal organ, Craniata, 98, 
99* : Lacerta, 327 — See also 
Pineal eye 

Parietal segment, Craniata, 
76* 

I’aroccipital process. Apteryx 
mantelli, 472 , 473 : Carni- 
vora, 577 . 578 : Dasyurus, 
539 : Equus, 662 : Lepus 
cuniculus, 492 , 493. 496 : 
Petrogale penicillata, 540 : 
Procavia, 616 : Primates, 563 
Parotic process, Lacerta, 360 
Parotid glands, Lepus cuni- 
culus, 501 

Parotoid glands. Amphibia, 

342 

Parovarium, Lacerta, 369 
Parrakeets — See Platycercus 
Parrots — See Psittacus 
Passer, 462 
Passeriformes, 462 
Patagium, Cynocephalus, 553 : 

Mammalia, 649* • 

Patella, Columba livia, 430 : 
Lepus cuniculus, 499 : Mam- 
malia, 643 : Ornithorhynchus, 
627 : Prototheria, 530 
Patella ulnaris. Penguins, 475 
Pathetic nerve — See Trochlear 
nerve 

Paunch — See Rumen 
Pavo, 461 

Peacock — ^See Pavo 
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Peccaries — See Tagassuidce 
Pecora, 600, 601, 666, 667 
691, 692 

Pecten, Columba livia, 450, 
451 : Lacerta, 373 
Pectineal process. Apteryx 
australis, 476 : Aves, 476 : 
Gallus bankiva, 477 
I’ectineal tubercle, Dasypus 
sexcinctus, 631 
Pcctineus muscle, Rana, 317 
Pectoral appendages. Fieri ch- 
thyodes, 164 

Pectoral arch — See Pectoral 
girdle 

Pectoral artery, Columba livia, 

447 , 448 

Pectoral fin, A cipenser ruth- 
enus, 230 : Actinopterygii, 
78 : Amia calva, 236 : 
Ceratodus, 78 : Chondrich- 
thyes, 198 : Cladodus, 78 ; 
Cladoselache, 78 : Craniata, 
78 : DactylopteridcB, 269 ; 
Dog-fish, 178, 183 : Epicer- 
atodus foYsteri, 297 : Euse- 
lachii, 1 75 : Exocetida, 269 : 
Flying-fishes, 269 : Flying 
Gurnards, 269 : Gadus 

morrhua, 260 : Ganoids, 
269 : Gemuendina siurtzi, 

170 : Glyptocephalus cyno- 
glossus, 269 : Hippocampus, 
259 : Hypotremata, 175 : 
Ichthyotomi, 174 : Ibospon- 
dyli, 269 : Labrichthys psitta- 
cula, 2 ^ : Lepidosteus pla- 
tystomus, 233 : Ostracion, 
261 : Pleuracanthus, 78 : 
Pleurotremata, 175 : Poly- 
pterus, 274 : Polypterus 
bichir, 232 : Protopterus, 
805 : Salmo fario, 236 , 287 , 
238, 246 , 247 : Sebastes 

pcYcoides, 260 : Teleostei, 78 , 
269 : Urolophus, 201 
Pectoral girdle, Acanthodii, 
154 : Amblystoma, 346 : 
Apteryx mantelli, 476 : 
Aves, 474 : Bradypus tridac- 
tylus, 623 : Cacops, 338 : 
Carinatcp, 474 : Chelonia, 408 : 
Chondiichthyes, 202 ; Chon- 
drostei, 274 : Cnemiornis, 
474 : Coccosteus decipiens, 
161 , 162 : Columba livia, 
436 : Dasypus sexcinctus, 

629 : Dioynodontia, 881 : 
Diplacanthus^ 166 : Dog-fish, 
188 , 186 : Edestosaurus, 

389 : Eogyrinus, 388 : 

Epiceratodus forsteri, 296 , 
297 ; Eusihenopteron, 3 ^ : 
jGemuendina, 168: Hesperor- 
nis, 474 : Insectivoxa, 549 : 
Labyrinthodcmtia, 335 ** 
ceria, 369 , 363 : Lepus 

3 B 
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cuniculus, 497 : 

643 : Metatlieria, 539 : No- 

tornis, 474 : Ocydromus, 
474 • Ophldia, 408 : Vachy- 
omis, 474 : Pcdaospondylus 
gunni, 171. 172 : PetaMch- 
tliyida. 165 : Pezophaps, 
474 : Plesiosaurus, 385 : 
Pleuracanthus decheni, 175 : 
Protopterus, 805 : Proto- 
tlieria, 528 : Rana, 314 : 
Raphus, 474 : Ratita, 474 : 
Satamandra, 346 : Salmo 
fario, 346 : Talpa, 549 : 
Teleoatei. 274 ; Tetrapod, 
80, 8 i* : Urodela, 346 : 

Urolophus, 201 

Pectoraiis muscle, Columba 
livia, 440 , 441 : Rana, 317 
Pectoral sinus, Cephalaspido- 
morphi, 126 

Pectoral spine, Climatius reii- 
culatus, 155 : Coccosteus 
dedpiens, 161 : Diplacan- 
thus, 155 

Pectoral vein, Columba livia, 

447 

Pedetes, 621 
Pedetes caffir, 619 
Pedicle, Proteus anguinus, 344 : 
Rana, 308. 309. 3 iOi 311: 
Salamandra aira, 345 
Pedioulati, 261 , 267 
Peduncles of cerebellum, 
Columba livia, 450 
PeUcanifonnei, 4^1 
Pelecans — See Pelecanus 
Pelecanus, 461 
PeliephilidcB, 624 
Pelvic arch — See Pelvic girdle 
Pelvic cartilage, Pleuracanthus 
decheni, 175 : Polypterus, 
274 

Pelvic fins, A cipenser ruthenus, 
230 : Amia calva, 235 : 
^ondriohthyes, 198. 203 : 
Ozaniata. 77 : Dog-fish, 178, 
184 : Epiceratodus forsteri, 
297: Gadus morrhua, 260 : 
Gemuendina sturtzi, 170 : 
Glyptoce^alus cynoglossus, 
269 : Etoterosomata, 269 : 
Laugia, 288 : Lepidostvus 
platystomus, 238 : Polyp- 
terus, 274 : Polypterus 

hickir, 232 : Rita buchanani, 

259 : Salmo fario, 286, 238, 
246, 248 : Sebastes percoides, 

260 : Teleoatei, 269 . 275 : 
Urolophus, 201 

Pelvic girdle. Apteryx, 475 : 
Avea, 475 • diODdziohtii^, 
203 : Columba livia, 438 : 
Cfaoiata, 77 : Czocodilia* 
409 : Oryptnri, 475 : I>og- 
fish, 184 : Epiceratodus for^ 
sferi,2B7 : Hol 6 oepfiali. 2 i 9 : 


Laoertilia, 40S : hepus cuni- 
culus, 499 : Palceospondylus 
gunni, 171 : Plesiosaurus, 
385 : Polypterus, 275 : Rana, 
314, 315 : Salamandra, 346 : 
Tetrapod, 80 : TJrodela, 347 ’ 
Urolophus, 201 

Pelvic vein, Epiceratodus for- 
steri, 300 : Lacerta, 867, 
368 : Rana, 322, 323 
Pelvis, Alligator, 409 : Carni- 
vora, 579 • Cetacea, 586 : 
Chelonia, 408 ; Ohiroptera, 
553 t Dasypus sexcinctus, 
631 : Homo, 565 : Insecti- 
vora, 550 • Labyrinthodon- 
tia, 335 • Lacerta, 364 : 
Lyccenops, 384 : Necturus, 
347 : Phoc^na communis, 
: Protacmon, 384 : 

Prototheria, 53 <^ : Syrenia, 
613 ; Xenarthra, 651 
Pelvis of kidney, Mammalia, 
677 

Pelvisternum — See Epipubis 

Pelycoaauria, 376, 380, 384, 
424 

Penguins, 475, 476, 486 — See 
aXso Aptenodytes, Eudyptes 
Penguinus impennis, 

Penis, Avea, 478 : Chelonia, 
416: Crocoditia, 416 : Lepus 
cuniculus, 514, 515 • Mam- 
malia, 677 
Pennae, Avea, 468 
Pentadactyle limb, Craniata, 
63 : Tetr^od, 79*, 80 
Pen-tailed Tree Shrew — See 
Ptilocercus lowii 
Pentlandia, 293 
Pentlandia macropterus, 291 
Peralestes, 522 
Perameles, 532, 653 
Perameles obesula, 691 
PeramelidcB, 531, 532, 534 
Peramus, 523 
Peramys, 532 
Perasplax, 523 
Peratherium, 533 
Perea fluviatilis, 108 
Perches — See Perea, Perco* 
morpM 

Perching mechanism, Columba 
livia, 440 

Percomorphi, 261 

Perennibranchiate Urodela, 
340. 344 

Peribranchial cavity — See 
Atrial cavity 

Pericardial cavity, Craniata, 
68: Dog-fish, 186: Mam- 
malia, W4 : Salmo fario, 

247 

Pericardial fluid, Lepus cuni- 
culus, 505 

Pericardial membrane, Lepus 
cuniculus, 504 


Pericardio-peritoneal canal. 
Dog-fish, 186 

Pericardium, Avea, 445 : Col- 
umba livia, 442 : Craniata, 
67, 68 : Doliolum, 87 : 
Lacerta, 366, 867 : Lepus 
cuniculus, 5 (^ : Petromyzon 
marinus, 139 : Rana, 818, 
319 : Satpa, 87 
Perichondral ossification, 
Craniata, 75 * 

Perichondrium, Craniata, 75 * 
Perichordal tube, Craniata, 68 , 
69* 

Perilymph, Craniata, 117*: 
Lacerta, 374 

Perineal gland, Lepus cuni- 
culus, 514, 516 

Perineum, Mammalia, 669*, 
677 

Periophthalmus, 163 , 278 
Periosteal ossification — See 
Perichondral ossification 
Periosteum — See Perichon- 
drium 

Periotic, Cetacea, 5 86 : Dasypus 
sexcinctus, 627 : Felis tigris, 
578 : Globiocephalus, 582 : 
Homo, 561, 562 : Lepus 
cuniculus, 494, 495 : Mam- 
malia, 639, 640 : Manatus 
senegalensis, 612 : Phoaena 
communis, 585 : Syrenm, 
613 : Tropidonotus natrix, 
403 

Peripharyngeal bands, Amphi- 
oxus, 44* ; Appendicularia, 
22 : Ascidia, 18, 19 : 

Ascidim composites, 23 : 
Doliolum, 24 , 25 ; Larvacea, 
21* : Salpa, 25 
Peripharyngeal groove, 

Ascidia, 16* 

Peripharyngeal ridges, Ascidia, 
i6* 

Peripty chides, 567 
Periptychus, 567 
Peziieodactyla, 518, 566, 587, 
588. 589 *-“ 59 I. 691, 692 
Peritoneal aperture, A mia, 
281 : Lacerta, 374 
Peritoneum, Craniata, 67, 68* : 

Lepus cuniculus, 504 
Peri vitelline membrane, Amp- 
hioxus, 51 
PerleididcB, 230 
Perleidus, 230 

Permian, Acantbodii, 154 * 
Aotinopteryaii, 225 : Am- 
pMUa. 333. 335. 337. 339 : 

293 : bbt]^ 
tomi, 174 : Mammalia. 518 ; 
naitraiHmmiii,i 74 : Bwmia. 
„ 379. 380 , 381 , 384 . 387 , 424 
Perodicttcus, 557 
Peronaeus muscle, Coitmba 
livia, 44 X : Rana, 317 
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Pes, Aftiodactyla, 5S7 ^ Brady- 
pus tridactylus, 61M) : Columba 
livia, 440 : Condylarthra, 
566: Cycloturus, 613 : Dasy- 
pits sexcinctus, 68l : Dia- 
dic^horus, 645 : Dipus, 
647 : Eqttoidea, 591 : Equus, 
590 : Gorilla, 565 : Homo, 
565, 566 : Hyraooidea, 613 : 
Hyracotherium, 592 : La- 
certa, 365 : Lemuioidea, 
556 : Lepus cuniculus, 500 : 
Macropus, 541 : 

643-649 : Merychippus, 645 : 
Mesohippus, 592 : Mesonyx, 
644, Bw : Pezissodactyla, 
587, 589 : Phalanger, 540 : 
Pliohippus,B^ : Ponge, 565 : 
Primates, 566 : Protohippus, 
592 : Protorohippus, 592 : 
T arsius, 558 : Tetracltsno- 
don, 644 : Thoatherium, 645 
Pessulus, Columba livia, 444 

PetaUchthyida, 152, 154. 165- 

167 

PeialodoniidcB, 174 
Petaurus, 533 
Petrels — See Procellaria 
Petrogale penicillata, 540, 673 
Petrogale xanthropus, 536 
Petromyzon , 105, 106, 111, 

134-147. 148. 151 

Peiromyzon fluviatilis, 134, 146 
Petromyzon marinus, 134, 135, 
136, 139, 141, 144 
Petromyzon planeri, 134 
Petromyzontia, 125, 126, 147 
Petrosal, Catarrhini, 640 : 

Equus, 640 : Insectivora, 
640 : Lemmoidea, 640 : 

mammalia, 640 ; PlatyirUni, 
640 : Primates, 640 : Tar- 
sius, 640 : Tupaiidee, 640 
Petrous portion of periotic, 
Mamoudia, 646 
Pezophaps, 402, 470, 474 
PhaHthcm, 461 
Phalacrocorax , 461 
Phalanger, 532, 540 
Phalangerida, 532, 535 
Phalanges, Cetacea, 586 ; Col- 
umba livia, 437, 438, 439 : 
Emys europaa, 409 : Pelis 
leo, 579 : Gorilla, 565 ; 
Homo, 565 : Lepus cuniculus, 
499, 500 : Ponge, 565 ; Pro- 
totheria, 530 • Tetrapod, 79*, 
80* 

Phaneroplmron, 293 
Pkaneropleuron andersoni, 291 
Plu^ngeal bone, Ldbrichthys, 

Pharyngeal nerves, Craniata, 


Pharyngeal region, Craniata, 
86 

Pharyngeal sac, Doliohm, 25* 


Pharyngobranchial, Acipenser, 
272 : Bony skull, 75 : Cartil- 
aginous skull, 72 : Craniata, 
74* : Dog-fish, 180, 182 : 
Salmo fario, 244 
Pharyngohyal — See Hyoman- 
dibular 

Pharyngolepis, 13 1 
Pharynx, Amphioxus, 41, 43*, 
44, 47 : Appendicularia, ^ : 
Ascidia, 14, 15*, 17, 33 ** 
Ascidiacea, 22 : Ascidiis 
composiicB, 23 : Cephalo- 
discus, 11 ; Craniata, 67, 
82* : Dog-fish, 184 : Dolio- 
lum, 24, 25* : Lepus 683 : 
Lepus cuniculus, 501 : Pyro- 
soma, 26 : Rana, 318 : 
Salmo fario, 247, 248 : 

Salpa, 25 
Phascogale, 532 
Phascolarctos, 532, 536, 642 
Phascolarctos cinereus, 534, 
659, 690 

Phascolesies, 522, 523 
Phascolomyida, 535 
Phascolomys, 532 
Phascolomys mitchelli, 535 
Phascolomys wombat, 539, 685 
Phascolotherium, 521 
Phasianus, 461 
Pheasants — See Phasianus 
Phenacodontidis, 567 
Phenacodus primcerus, 567 
Phiomia osborni, 609 
Phlyctanaspis, 160 
Phoca vitulina, 580 
Phoccena communis, 585, 668 
Phocida, 576 
PholidophoridcB , 235, 256 
Pholidosteus, 160 
Pholidota, 518, 63i*-2 
Phonicopterus, 461 
Phorozooids, Doliolum, 36* 
Phosphorescence, Teleost^, 270 
Phrenic vein, Lepus cuniculus, 
507, 508 

Phyllospondylia, 333^ 339 
Phyllospondylous vertebra, 

Physeter, 584 

Physeteridce, 584 

Pl^soclistio lungs, Teleostei, 

Physostomatous lungs, Teleo- 
stei, 87 

Physostomi, 271 , 278 , 282 

PhyiosauridcB, 387 

Pia mater, Chamata* 101'^ : 

Salfho fario, 251 
Picas — See Lagomyida 
Picida, 462, 474 
Picifonnes, 462 
Pigeon— See Columba livia 


Pigeon's milk," 452 
Pi ^ ^ntary layer, Salmo fario. 


Pigment cells of eye, Craniata, 
1 13* 

Pigment spot, Amphioxus, 50* : 

Ascidice simplices, 27 
Pigmy Whale — ^See Neohalesna 
marginata 

Pigs — See Suidce, Sus scrofa 
Pi^s — See Ochotonidce 
Pikes, 258, 276 
Pilchard, 238 
Pilosa, 623 

Pineal apparatus, Craniata, 
99* : Lacerta, 870, 371 : 
Petromyzon, 141 
Pineal area, Petromyzon 
fluviatilis, 134 

Pineal body — See Pineal organ 
Pineal eye, Amphibolurus, 416 : 
Anguis, 416 : Craniata, 98, 
99 *» 115* : Lacerta, 371, 

416 : Petromyzon, 141, 142 : 
Petromyzon marinus, 141 : 
Beptilia, 416 : Sphenodon, 
116, 416 : Sphenodon 

punctatum, 415 : Varanus, 
416 

Pineal eye stalk, Sphenodon 
punctatum, 415 

Pineal foramen, Anaspida, 131 : 
Cephalaspis, 127 : Diplop- 
terax trailli, 287 : Holoptych- 
ius flemingi, 288 : Macro- 
petalichthys rapheidolabis, 
167 : Osteolepis macrolepi- 
dotus, 286 

Pineal organ, Alligator, 415 : 
Callorhynchus antarcticus, 
220, iSSl : Cetacea, 585 : 
Chondrichthyes, 206 : Colum- 
ba livia, 442, 449, 450 : 
Craniata, 61, 62, 67, 98, 
99* : Dog-fish, 181, 190, 
191, 192 : Epiceratodus for- 
steri, 301 : Holocephali, 222 ; 
Lacerta, 364, 371, 372; Lepus 
cuniculus, 489, 510, 511, 512: 
Mammalia, 638, 671 : Petro- 
gale pencillata, 673 : Rana, 
325 : Salmo fario, 248, 249, 
250, 251 : Tetrapod, 82* 
Pineal p^uncle — See Pineal 
stalk 

Pineal plate — Coccosteus decip- 
»>nspZl 61 , 162 : Hemicycl- 
aspis murchisoni, 127 : 
Heierosteus, 163 : Pteraspis 
rostrata, 131, 132 : Ptertch- 
thyOdes, 163 

Pineal stalky Callorhynchus 
antarcticus, 221 : Dog-fish, 
185 : fiolooepkali, 222 ; 
Lepus cuniculus, 511 , 612 : 
Rana, 325, 326 

Wnalpedla, 573 . 573 . 578. 581. 
665 

.P»M 347.354 

Pi^a ammcana, 352 . 258 
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Pipe-fishes — See Syn^nathidcs 
Pisiform, Alligator, 409 : 
Bradypus tridactylus, 0^ : 
Cldxoptera* 553 : Ciooodilia» 
409 : Dicynodiontia, 894 : 
Equus caballus, 648 : Gor* 
gonapsia, 884 : Halma- 
turus ualahatus, 588 : 
Lacerta, 864 : Lepus cuni- 
culus, 499 : Mammaliat 646 : 
Mesonyx, 646 : Papio 

anubis, 565 : Pelyoosauria, 
884 : Primates, 565 ^ 

Sphmodon, 408 : Talpa, 
549 : T apirus indicus, 647 : 
Tetrapod, 80 : Ursus arneri- 
canus, 579 
Pithecanthropus, 559 
Pithecia, 559 

Pit organs, Amia calva, 108 
Pituitary body, Callorhynchus 
antarcticus, 220. 221 : 

Canis, 672 : Chondrichthyes, 
206 : Columba livia, 442 : 
Craniata. 67, 69*, 71, 84*, 
98, 99* • Dog-fish, 190, 191 : 
Holocephali, 222 : Lacerta, 
870, 371, 872 : Lepus 

cuniculus, 510, 512 : Petro- 
gale penicillata, 678 : Petro- 
myzon, 141, 142 : Rana, 826 : 
Salmo fario, 248, 249, 250, 
251 

Pituitary foramen, Lepus cuni- 
culus, 493 

Pituitary fossa, Aves, 435 : 
Bony skull, 75 : Callor- 
hynchus antarcticus, 220 : 
Cartilaginous skull, 72 : 
Craniata, 76 * : Holocephali, 
2ig, 222 : Homo, 561 : Lepus 
cuniculus, 493, 495 : Meta* 
theria, 535 

Pituitary invagination, Rana, 
embryo, 880 

Pituitary sac, Craniata, 67, 
84*: Myxine, 149: Petro- 
myzon, 142, 148 : Petro- 
myzon marinus, 189 
Placenta, Ascidiacea, 28*: 
Chalcides, 419 : Eutheria, 
541 : Lepus cuniculus, 517 ; 
Mammalia, 684, 688 : 

Metatheria, 530 • Perameles, 
689 : Beptilia, 4^9 • Salpa, 
87* 

Placenta vera, 688* 

Placental villi, Lepus cuniculus, 

516 : Mammalia, 684 
Placentalia—^See Enthoda 

Placodes of lateral-line, 107* 
Placodontia, 385 

Placodus, 385 

Hacoid scales, 63: Ghondrioh- 
thyes, 199: Dog-fish, tyy: 
Raja blanda, 64 
Placula form, Asddlaoea, 29 


Plagiaulacoidea, 520 , 521 
Plagiaulax, 521 
Plagiolophus, 593 
Plagiomene, 554 
Planetetherium, 554 
Plantain Eaters — See Muso- 
phagidcB 

Plantigrade foot. Mammalia, 
643, 648* 

Plastron, Chelodina, 401 : 
Chelone mydas, 402 : 
Chelonia, 398. 401, 402 : 
Cistudo lutaria, 401 : Der- 
matochelys, 402 : Sphargis, 
402 : Testudo loveridgii, 401 
Plaialea, 461 
PlatanistidcB, 584 
Plateosaurus, 390 
Platycercus, 462, 474 

Plat^hini, 559. 640 
Platysma muscle. Rat, 617 
Platysomidce, 229 
Platysomus, 229 
Plectognathi, 261, 271 
Pleistocene, Mammalia, 518, 
543. 569. 570. 571. 592, 593. 
595. 596. 606 
PlesiadapidcB, 556 
Plesiometacarpal, Cervidee, 602 
Plesiosaoria, 377 . 385 
Plesiosaurus macrocephalus, 
385 

Plesippus, 593, 595 
Pleura, Aves, 445 : Columba 
livia, 444* 

Pleuracanthodii — See Ichthyo- 
tomi 

Pleur acanthus, 78, 79 

Pleur acanthus decheni, 174, 

175 

Pleural membrane, Lepus 
cuniculus, 509 

Pleural ribs, Polypterus, 272 : 
Salmo fario, 2 ^ : Teleostei, 
271 

Pleural sac, Lepus cuniculus, 

508, 509 

Pleur aspidotherium, 567 
Pleurodont teeth, 410 
Pleoropterygii, 152, 173-4 
Pleorotremata, 175. 176 
Pliocene, Mammalia, 518, 571, 
592, 593. 595. 600 
Pliohippus, 593, 595, 645 
Pliohyrax, 615 

Plumuls, Aves, 480, 468 ; 

Columba livia, 429 
Pneumatic bones. Apteryx, 
476 : Aves, 476 : Bucero^ 
tides, 476 : Columba livia, 
440 : Penguins, 476 
Pneumatic duct, Teleostei, 
278 : Salmo fario, 248, 249 
Pneumatic foramen, Columba 
livia, 487.440 

Pneumogastrio nerve-— -See 
Vagus nerve 


Pocket Gophers — See Geomy- 
oidea 

Podicipes, 461 
Podicipiformes, 461 
Poebrotherium, 600 
Poison, Ophidia, 422 
Poison apparatus, Crotalus, 
421 

Poison-duct, Crotalus, 421 
Poison glands, Heloderma, 410 : 
0phima,4io : Siluridee, 270 : 
Trachinus, 270 
Poison sac, Crotalus, 421 
Polacanthus, 391 
Polar bear — See Ursus arctos 
Pollex, Carnivora, 579 : Homo, 
565 : Lacerta, 364 : Lemur* 
oidea, 560 : Tetrapod, 81* 
Polyas^dee, 159 
Polyodon, 230, 262, 270 
Polyprotodont dentition, Meta* 
theria, 659 : Sarcophilus 
ursinus, 660 

Polyprotodontia, 531 . 532 
Polypterini, 79. 232*~3 
Polypterus, 87, 223, 227, 232, 
233. 267, 268, 269, 271, 272, 
278, 274, 276, 278, 284 
Polypterus hichir, 282, 284 
Ponge, 559. 565 
Ponge satyrus, 564 
Pons Varioli, Canis, 672 : 
Lepus cuniculus, 510, 511, 
512. 513 

Porbeagle Shark — See Lamna 
cornubica 

Porcupines — See Histrioo* 

morpha 

Porcupine-fish, 261 
Porpoises — See Deipkin^a, 

Phoccena communis 
Port Jackson Shark — See 

Heterodorctiss 

Portal systems — See Hepatic 
and Renal portal system 
Postanal gut— ^Craniata, 67, 
82* 

Postaxial radials — ^Eoielachii, 
175 : Hybodontida, 175 
Postcaval vein. Amphibia, 
349 : Columba livia, 442, 
446,447,^8 : Epiceratodus 
forsteri, 2v9, 200 : Lacerta, 
866, 867, 36$, 418 : Upus 
cuniculus, 502, 604, 505. .506, 
507, SOB : MaminaHa, 660 : 
Rana, 822, 323. 828 : 

Salamandra maculosa, 850^ 
Postclavides, Salmo fario, 246. 
^^47 

Postcleithrum, Helichlhys ele^ 
gans,BMi Leptolepisbronni, 
257 : Teleoilat. 294 
Postedor basal, Acanthodes^ 

ISB 

Posterior dbrsaJ, Plsric^^hyodes, 

IM , 
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Posterior dorsolateral, Heiero- 
steus, 163 : Pterichthyodes, 

164 

Posterior lateral, Heterosteus, 
168 : Pteraspis rostratat 182 
Posterior nares — See Internal 
nares 

Posterior plates, Epipetal- 
ichthys wildungensis, 166 
Posterior ventrolateral plate, 
Pterichthyodes, 164 
Postfrontal, ChHrolepis, 228 : 
Chelone mydas, 406 : Chelo- 
iua» 406: Chof^drosteus acipen^ 
seroides, 281 : Coccocephalus 
wildi, 2^ : Crocodilus poro- 
sus, 407: Emys europaa, 
405 : Gorgonopsia, ^ : 
Helichthys elegans^ 280 : 
Jchthyophis glutinosa, 845 : 
IchthyosUga, 834 : Laceria, 
361 : Sphenodon, 404, 405 
Postglenoid process, Homo, 
562 : Primates, 563 
Postoral ciliated band. Tor- 
naria, 7 

Postorbital, Chondrosteus a^i- 
penseroides, 281 : Coccosteus 
decipiens, 161 : Diplopterax 
traihi, 287 : Gorgonopsia, 
882 : Helichthys elegans, 
280 : Heterosteus, 168 : 
Holoptychius flemingi, 288 : 
Ichthyosiega, 884 : Lacerta, 
360, 861 : Osteolepis macro- 
lepidotus, 286 ; Pcdoeoniscus 
macropomus, 227 : Spheno- 
don, 404, 403 : Thrinaxodon 
Horhinus, ^2 : Tropidon- 
otus natrix, 408 
Postorbital bar, Equoidea, 591 
Postorbital canal, Amia calva, 
108 

Postorbital column, Acan- 
thodes, 156 

Postorbital process, Acipenser, 
272 : Dog-fish, 181 
Postmarginal plates, Coccosteus 
decipiens, 162 

Postmedian plate, Coccosteus 
decipiens, 161 : Pterichthy- 
odes, 163 

Postnasal plates, Coccosteus 
decipiens, 162 

Postpatagium, Apteryx, 466 : 
CoHumba livia, 427, 441 : 
Opisthocomus, 466 
Postpubic process, Tguanodon 
bemissartensis, 801 
Postrostral, Diplopterax 

traiUi, 2187 : Holoptychius 
flemingi, 288 : Osteolepis 
macrmepidotus, 286 
Postscapular lossa^ Lepus cunt- 
cuius, 497 

Pbftsplenial^ Diplopterax 
trmU, 7Stt % HoloptyiMus 


flemingi, 288 : Osteolepis 
macrolepidotus, 286 

Post- temporal. Chair olepis,2S8l 
Chondrosteus acipenseroides , 
281 : Coccocephalus wildi, 
282 : Epiceratodus forsteri, 
295, 297 : Helichthys elegans, 
280 : Salmo fario, 246, 247 : 
Teleostei, 274 

Post-trematic nerves — See 


Hyomandibular nerve 
Post-tympanic process, Lepus 
cuniculus, 492, 494 
Postzygapophysis, Laceria, 
358, 859 : Lepus cuniculus, 
4^ : Python, 898 
Potamogale, 545, 656 
PoiamogalidcB, 545 
Potos caudivolvus, 575 
Powder-down patches, Ardea, 
467 : Aves, 468 
Preanal plate, Laceria, 358 
Prearticular, Cynognathus, 
888 : Dimetrodon, 888 : 
Scymnosuchus, 888 
Precaudal region, Chondrich- 
thyes, 200 

Precaval sinus. Dog-fish, 189 : 
Tadpole, 323 

Precaval vein, Amphibia, 349 : 
Columha livia, 4^, 446, 
447 : Craniata, 98 : Epi- 
ceratodus forsteri, 299, 300 : 
Fishes, 89, 90, 91* : Laceria, 
368 : Lepus cuniculus, 504, 
505 f 50b, 507 : Mammalia, 
670 : Rana, 822, 824 : 

Salamandra maculosa, 850 : 
ScUmo fario, 258 
Precommissural area. Mam- 
malia, 673 

Precoracoid, Dicynodontia, 
381 : Tetrapod, 80 
Predentary tooth, Holocephali, 
215 

Predentata— 'See Orthopoda 
Predigital remiges, Columha 
livia, 426, 431 

Prefrontal, Chelone my das, 

406 : Crocodilus porosus, 

407 : Crotalus, 408 : Emys 

europcea, ^5 : Gorgonopsia, 
882 : Jchthyophis glutinosa, 
845 : Ichthyostega, 884 : 

Laceria, 360, 861 : Ophidia, 
404 : Salamandra atra, 845 : 
Sphenodon, 404 : Thrinaxo- 
don Horhinus, 882 : Tropi- 
donotus natrix, 408 

PrehaUuac, Rana, 316 
Fremaxilla, Anae boschas, 
478 ; Apteryx mantelli, 472, 
478 : Aves, 485, 47^ • ^ony 
skull, 75 : Canis familiaris, 
W78 : Centete^ ecaudatus, 

547 : Oetaoeat 5 ^^ • Cheiro- 
iepis, 228 : CMone mydas. 


406 : Ohelonia, 407 : Chir- 
optera, 552 : Coccocephalus 
wildi, 2& : Columha livia, 
484, 436. 442 : Graniata, 
77* : Crocodilus, 407 : 

Crocodilus porosus, 407 : 
Crotalus, 4te : Dasypus 
sexcinctus, 627 : Dasyurus, 
539 : Emys europcea, 405 : 
Equus,W2 : Gadusmorrhua, 
2^ : Globiocephalus, 582 : 
Gorgonopsia, ^2 : Homo, 
561 : Jchthyophis glutinosa, 
345 : Jchthyostega, 884 : 
Lacerta, 361 : Leptolepis 
bronni, 257 : Lepus cuni- 
culus, 492, 494. 495, 502 : 
Mammalia, 639 : Manatus 
senegalensis, 612 : Myrme- 
cophaga, 627, 628 : Ophidia, 
404 : Ornithorhynchus, 527 : 
Petrogale penicillata, 540 : 
Phascolomys wombat, 589 : 
Phoceena communis, 585 : 
Procavia, 615 : Prototheria, 
528 : Rana, 809, 811, ^ 12 , 
818 : Salamandra atra, 845 : 
Salmo fario, 236, 287, 241, 
243, 244 : Sargus, 276 : 
Scaphognathus, 898 : Seb- 
astes percoides, 260 : 
Sirenia, 613 : sphenodon, 
404, 405 : Tachyglossus 

aculeatus, 529: Thrinaxodon 
Horhinus, 882 : 2'ritylodon 
longcBVus, 519 : Tropido- 
notus natrix, 408 : Xenar- 
thra, 628 

Premedian plate, Pterichthy- 
odes, 163 

Premolars, Eotitanops, 590 : 
Equoidea, 391 : tquus, 590, 
662 : Homogalax, 590 : 
Hyrachyus, 590 : Hyracoth- 
erium, 590 : Lepus cunicu- 
lus, 492, 495, 3<^i : Mam- 
nia]ia,633 : Ornithorhynchus, 
323 : Perissodactyla, 5^9, 
590 : Ptilocercus lowii, 548 : 
Rhinoceros, 590 : Tapirus, 
590: T itanotherium, 590 
Prenasal region — See Rostrum 
Preolfactory nerves — See 
Terminalis nerves 
Preopercular, Cheirolepis, 228 : 
Coccocephalus wildi, 2i^ : 
Diplopterax trailli, 2S7 : 
Helichthys elegans, 280 : 
Holoptychius flemingi, 2^ : 
Jchthyostega, 884 : Lepto- 
lepis bronni, 257 : Osteo- 
lepis macrolepidotus, 286 : 
PalcBoniscus, 226 : Salmo 
fario, 287, 241 : Sebastes 
percoides, 260 

Preoral pit, Amphioxus, 56, 

57 
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Proorbital, Coccosteusdecipiens, 
161. 1 62 : Heterosteus, 168 
Preoroital aperture, Scaphog- 
naihus, 893 

Preorbital process, Coccosteus 
decipims, 161 : Dog-fish, 
181 : Epiceratodus forsteri, 
296 : Protopterus, 3ti5 
Prepatagium, Apteryx, 466 : 
(Solumba Hvia, 426, 427, 441: 
Opisthocomus, 466 
PrepoUex, Rana, 809 
Prepubic process, Chondrich- 
thyes, 203 : Iguanodon 

bernissartensis^ 891: Lacerta, 
864 

Prepuce. Lepus cuniculus, 516 
Prerostral, Cheirolepis, 2^ : 

Coccocephalus wildi, 

Presbyiis — See Cercopithecus 
Prescapular fossa, Lepus cuni- 
culus, 497 

Presphenoid, Bony skull, 75 : 
Craniata* 76 * : Crotalus, 
408 : Globiocephalus, 582 : 
Homo, 561 : Lepus cuni- 
culus, -492, 493 . 495 : 

Mammalia, 689 : Manatus 
senegalensis, 612 : Petrogale 
penicillata, 540 

Prespiracular nerve, Craniata, 
104* : Dog-fish, 198 
Prestemum, Cetacea, 585 : 
Cliiroptera> 55 - • Ina^iivora, 

547 : Lepus cuniculus, 491 , 
502 : Ornithofhynchus, 527 : 

llfommalia, 638 : Rodentia, 

621 

Pretrematic nerve, Craniata, 
102 , 104 * 

Prevomer, I chthyosiega, 884 : 

Thrinaxodon liorhinus, 882 
Prevomerine tooth, Holoce- 
phali, 215 

Prezygapophysis, Lacerta, 358, 
859 : Lepus cuniculus, 489 : 
Phocana communis, 585 : 
Python, 898 

Primaiy cranium — See Neuro- 
cranium 

Primary lower jaw, Craniata, 
78* 

Primary remiges, Columba 
livia, 431 

Primary upper jaw. Craniata, 
77* 

Primary villi, 686 

Primates, 518 , 554 — 566 . 640, 
649 

Primitive groove, Aves, 481 : 
,Rana, 331 

Primitive knot. Alligator, 417 ; 
Lacerta, 418 : 

682 : Beptilia, 418 
Primitive streaky Aves, 481 : 
Gallus bankiva, 480 : Lepus, 
682, 688 : Mammalia, 682 


Pristidce, 177 
PristiophoridcB, 177 
Pristiophorus, 198 
Pristis, 198 
Pristiurus, 209 

Proamnion, Aves, 4^2 : 
Gallus bankiva, 480 : Lepus, 

686 

Proatlas, Chamseleons, 400 : 
Crocodilus, 400 : Sphenodon, 
899, 400 

Proboscidea, 603-9 
Proboscis, Balanoglossus, 2, 
8*, 4*, 6 : Cephalodiscus, 9, 

11 : Pterobranchia, 8 : 

Rhdbdopleura, 12 
Proboscis-cavity, Tornaria, 7 
Proboscis-ccelome, Balanoglos- 
sus, 4* 

Probiscis Monkey — see Nasalis 
Proboscis-pore, Balanoglossus, 
8 , 4* : Cephalodiscus, 11 : 
Tornaria, 7 

Proboscis-skeleton, Balanoglos- 
sus, 8 : Enteropneusta, o* 
Procavia, 613, 615, 649 
ProcaviidcB, 613 
l^rocellaria, 461, 470, 477 
Procellariiiormes, 461 
Processus falciformis — See Fal- 
ciform process 

Processus gracilis, Lepus cuni- 
culus, 497 

l^rocoelous vertebrae. Amphibia, 
343 : Lacerta, 358 : Rana, 
308, 809 : Beptilia, 39^ 
Procolophodon, 378 
Procoracoid, Amhly stoma, 846 : 
Apteryx, 475 : Apteryx man- 
telli, 475 : Aves, 475 : 
Casuarius, 470 : Chelonia, 
408 : Chiroptera, 552 : Cis- 
tudo lutaria, 401 : Edesto- 
saurus, 889 : Insectivora, 
549 : Lacerta 859, 363 : 
Salamandra, 846 : Struthio, 
475 : Tetrapod, 81*: Uro- 
deia, 346 
Procreodi, 576 

Proctodaeum, Columba livia, 

442, 443 . 452 : Lepus, 686 : 
Rana, 331 
Procyonida, 575 
Profundus ganglion, Craniata, 
102 *, 104* 

Profundus nerve, Craniata, 
104* 

Pronator muscles, Columba 
livia, 441 

Pronephric duct, Craniata, 67, 
118, 120, 12I* : Lepidosteus, 
281 : Petromyzon, 144 : 
Rana, 128 : Teleostei, 281 
Pronephros, Amphibia, 352 : 
Craniata, 67, 118*, i20 : 
Eptairetus, 15 1 : Tadpole, 
327 : Teleostei, 280 


Prongbucks — See A ntilocapri- 
dcB, Bovoidea 

Prootic, Aves, 435 : Apteryx 
mantelli, 472: Bony skull, 75 : 
Columba livia, 435 : Crani- 
ata, 75* • Lacerta, 360 : 
Mammalia, 640 : Proteus 
anguinus, 844 : Rana, 809, 
811 : Salmo fario, 242 : 
Thrinaxodon liorhinus, 882 
Propachynolophus, 593 
Propalaoiherium, 593 
Propithecus, 557 
Propterygium, Chondrichthyes, 
203 : Dog-fish, 188 : Macro- 
petalichihys prumiensis, 168 : 
Polypierus, 274 : Urolophus, 
201 

Prorastomidee, 61 1 
Prorastomus, 61 1 
Prosencephalon — See Fore- 

brain 

Prosococlc, Chondrichthyes, 
205 : Craniata, 98 : Dog- 
fish, 191, 205 : Holocephali, 

221 : Petromyzon, 14 1 : 

Salmo fario, 250 : Squalus, 
205 : Squatina, 205 
Prostrate gland, Lepus cuni- 
culus, 514, 515 : Mammalia, 
677 

Protacmon, 884 

Protective characters, Teleo- 
stei, 270 

Protective coloration. Amphi- 
bia, 342 
Proteles, 573 
Proterotheriidce, 569 
Proteus, 340, 351 
Proteus anguinus, 344 
Protobacirachus massinoti, 355 
ProtoceraiidcB , 602 
ProtocetidcB, 583 
Protocetus, 588 

Protochordal plate, Lacerta, 

418 : Beptilia, 419 

Protocone of molar. Mammalia, 
654*, 655 

Protoconid of molar. Carni- 
vora, 664 : Mammalia, 654*, 

655 

Protoconule of molar. Mam- 
malia, 654* : Perimidactyla, 

589 

Protohippus, 592, 593. 595 
Protopterus, 290, 293, 805, 
306 

Protopterus annectens, 804 
Protorohippus, 592 
Piotosaniia, 356 
Protoipondyli, 226, 235 
Protostegida, 424 
Protostyle, 657* 

ProtoUieria, 517 . 5i3. 523 — 
530, 691 

Protovertebrae, Alligator, 417 : 
Amphioxus, 58, 56 : Aves, 
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482 : Gallus hankiva^ 480 : 
Lepus, 683 : Blammalia, 
682 : Rana, 188 : Reptilla, 
419 

Proventriculus, Columba livia, 

442 

Prozeuglodon, 583 
Psalterium, Eutheria, 674 : 
Lepus cuniculus, 512 : 

]!IIammalia» 666 : Pecora, 

667 

PsammodantidcB, 174 
Psephurus, 230 
Psettus sebce, 264 , 265 
Pseudis paradox a, 352 
Pseudobranch, Dog-fish, 186 : 
Epiceratodus forsteri, 298 : 
Notidanidee, 205 : Salmo 
fario, 249, 251 : Teleostei, 
277 

Pseudochirus, 533 
Pseudocojle, Lepus cunicuhts, 

511 

Pseudocreodi, 577 

Pseudophycis backus, 279 

Psittaci, 462 , 486 
Psittacilormes, 4 ^^ 
Psittacotherium, 61 6* 

Psittacus, 462, 472 
Pteranodon, 393 
Pteraspida, 126, 131 
PteraspidomoTphi, 125, 131 
Pieraspis rostrata, 131, 132 
Pterichthyodes, 163, IM, 165 
Pteriohthyomorplii — See Anti- 
archi 

Pterichthys — See Pterichthyodes 

Pterobranchia, 3 » 8 *-i 2 
PteroclidcB, 462 
Pterodactyla, 392, 42^ 

Pterodactyloidea, 393 

Pterodactylus, 393 
Pterodactylus spectabilis, 392 
Pterolepis, 131 
Pterolepis nitidus, 130 
Pterophyllum, 265 
Pteroplateea Valenciennes ii, 109 
Pteropus, 551 
Pieropus fuscus, 653 
Pieropus jubatus, 552 
Pterosauria — See Pterodactyla 
Pterotic, Salmo fario, 241 , 242, 
244 

Pterotic process, Salmo fario, 
242 

Pterygiophores — See Fin-rays 
Pterygoid, Apteryx mantelli, 
478: Aves, 435: Bony 
skull, 76 : Canis familiaris, 
578 : Chelone mydas, 406 : 
Columba livia, 434, 436 : 
Craniata, 77* • Crocodilus, 
407 : Croialus, 403 : Epi- 
cetatodus forsteri, 2 M : Glo- 
Hocephalus, 582 : Homo, 
561 : Ichthyophis glutinosa, 
845 : Ichthyostega, 384 : 


Labyrinthodontia, 337 : La- 
certa, 861 , 362 : J.epus 

cuniculus, 492 , 495 : Mam- 
malia, 639 : Manatus sene- 
galensis, 612 : Metatheria, 
538 \ ^ Myrmecophaga, 628 : 
Ophidia, 404 : Ornithorhyn- 
chus, 527 : Petrogale peni- 
cillata, 540 : Prototberia, 
528 : Piilocercus lowii, 548 : 
Rana, 310, 311 , 312 ; Sala- 
mandra atra, 345 : Salmo 
fario, 241 , 242. 244 : Sphen- 
odon, 404 , 405 : Tachyglossus 
aculeatus, 5 ^ : Thrinaxo- 
don liorhinus, 382 : Tropi- 
donotus natrix, 403 : 
Xenarthra, 627, 628 
Pterygoid muscles, Lepus cuni- 
culus, 496 , 497 : Rat, 617 
Pterygoid process, Lepus cuni- 
culus, 493 

Pterylae, Aves, 467 : Columba 
livia, 430, 431 

Pterylosis, Ardea, 467 : Aves, 
467 : Columba livia, 481 : 
GypaMus, 467 : Ratitce, 467 
Piilocercus, 546 
Piilocercus lowii, 546 , 648 
Ptilodus, 521 
Ptychodera, 4 
Ptychodera bahamensis, 5 
PtyctodontidcB, 1 59 
Ihibic symphysis, Chiroptera, 
553 : Homo, 565 : i^ecti- 
vora, 550 : Lacerta, 365 : 
Lepus cuniculus, 498 , 499 : 
Mammalia, 643 : Meno- 
typlila,54h: Pinnipedia, 5^1 > 
Rana, 315 : Struthio, 476 
Pubis, ^ //iga/or, 409 : Apteryx, 

475 • Apteryx australis, 476 : 

Aves, 476 : Casuarius, 475 : 
Cbelonia, 408 : Cistudo 

lutaria, 401 : Columba livia, 
432 , 438 : Crocodilia, ^10 : 
Cryptuii, 475 : Dasypus sex- 
cinctus, 631 : Emu, 475, 

476 : Gallus bankiva, 477 : 
Halmaturus ualabatus, 538 : 
Lacerta, 364 , 365 ; Lepus 
cuniculus, 498 , 499 ^ Mam- 
malia, 643 : Ornithorhynchus, 
527 : Plesiosaurus, 385 : 
Prototberia, 530 • /?«««, 814 , 
315. 318 : Salamandra, 2 iy^ : 
Sphenodon, 399 , 408 : Tetra- 
pod, 80 , 8i* 

Puboischial region, Tetrapod, 

8i* 

Puboischiatic symphysis, Sala- 
mandra 346 
Puffinus, 461 

Pulmocutaneous trunk, Rana, 

820 , 321 , 324 

Pulmonary aponeurosis — See 
Pleura 


Pulmonary arch, Turtle, 413 
Pulmonary arteries, A mia, 
278 : Amphibia, 349 : Col- 
umba livia, 444 , 446 , 447 : 
Craniata, 93 ’*' : Crocodilus, 
414 : Epiceratodus forsteri, 
298, 299 , 300 : Lacerta, 
367 , 413 : Lepidosiren, 305 : 
Lepus cuniculus, 502 , 504 , 
506, 507 : Polypterus, 278 : 
Protopterus, 305 : Rana, 
321 , 324 : Salamandra, 348 
Pulmonary vein, Columba livia, 
444 : Craniata, 98 * : Lacer- 
ta, 367 , 413 : Lepus cuni- 
culus, 505, 507 : Mammalia, 
670 : Rana, 322 , 324 
Pulp-cavity, Cosmoid scale, 
64 : Craniate tooth, 83 : 
Mammalian tooth, 650 , 651 
Pulp-cavity opening, Placoid 
scale, 64 

Pupil, Craniata, 112* 

Pycnodontidce, 234, 235 
Pycnodus, 235 

Pygal plates, Cistudo lutaria, 

401 

Pygochord, Enteropneusta, 5* 

PygopidtB, 423 
Pygopodes, 461 
Pygopus lepidopus, 895 
Pygostyle, Aves, 469 : Columba 
livia, 432 , 434> 442 
Pyloric ca^ca — See Caeca 
Pyloric division of stomach, 
Mammalia, 666 
Pyloric valve, Lepidosteus, 278 : 

Salmo fario, 247 
Pylorus, Dog-fish, 184, 185 : 
Mammalia, 666 : Phoccena, 
668 : Rana, 319 
Pyrosoma, 21, 25*, 26 , 28, 35, 
39 

PyrosomidcB, 21* 

Pyrotberia, 572 
PyrotheriidcB, 572 
Pyroiherium, 572 
Python, 389, 398 

P^bonomorpha, 388, 389 


Q 

Quadrate, Acipenser, 272 ; 
Anas boschas, 473 : Aves, 
435 , 472, 474 : Bony skull, 
76 : Carinatce, 474 : Che- 
lone mydas, 406 : Cbelonia, 
406 : Columba livia, 484 , 
436 : Craniata, 73 *> 77 * 
Crocodilus, 407 : Crocodilus 
porosus, 407 : Crotalus, 408 : 
Emys europaa, 405 : Ich- 
thyophis glutinosa, 845 : 
Ichthyostega, 884 : Lacerta, 
861 , 362 : Leptolepis bronni, 
257 : Ophidia, 404 : Proteus 
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anguinus, 344 : Rana, 310, 
811 : Ratita, 474 ; Beptilia, 

402 : Salamandra aira, 845 : 
Salmo fario, 241, 242, 244 ; 
Scaphognathus, 898 ; Sphen- 
odon, 8 ^, 404, 405 : Tadpole, 
818 : 2 'ropidonotus natrix, 

403 

Quadrate condyle, 472 
Quadrate re^(ion, ChimcBva 
monstrosa, 218 : Epiceratodus 
forsteri, 296 : Salmo solar, 

245 

Quadratojugal, Anas boschas, 
478 : Apteryx mantelli, 472 : 
AveS^ 435 : Chelone mydas, 
406 : Chelonia, 406 ; Columha 
livia, 436 : Crocodiliis, 407 : 
Crocodilus porosHs, 407 : 
Diplopterax irailli, 287 : 
Emys europcBO, 405 : Holo- 
ptychitis flemingi, 288 : 
Icthyostega, 384 : Lacerta, 
360 : Osteolepis macrolepi- 
dotus, 286 : Rana, 309, 311, 
312 : Sphenodon, 404, 405 ; 
Thrinaxodon liorhinus, 382 
Quill — Sec Calamus 


R 

Rabbit — See Lepus cum cuius 
Rachianectes, 584 
Rachis, Aves, 430: Columba 
livia, 428 

Rachiiomi, 335 

Rachitomous vertebra. Amphi- 
bia, 337 : Labyriathodontia, 

335 

Racoon — See Procyon lotor, 
Procyonidcd 

Radiale, Alligator, 409 : Colum- 
ba livia, 437, 4^ : Craniata, 
79 * : Dicynodontia, 884 ; 
Gorgonopsia, 884 : Lacerta, 
864 : Pelycosauria, 384 : 
Prototheria, 530 : Tetrapod, 

80* 

Radial fin-cartilages, Macro- 
petalichthys prumiensis, 168 : 
PalcBospondylus gunni, 171 : 

' Pleuracanthus decheni, 175 : 
Polypierus, 274 

Radial sesamoid. Carnivora, 
579 : Papio anubis, 666 : 
Primates, 565 : Talpa, 549 : 
Ursus americanus, 679 
Radial styloid process, J.acerta, 

364 

Radio>uIna, Rana, 309, 315 
Radius, Alligator, 409 : Arch- 
aopteryx lithographica, 4^ : 
Archcsornis siemensi, 464 : 
Bradypus tridactylus, 680 : 
Cerous elaphus, 647 : 
Cetaeea, 5 ^^ ' Chiroptera, 


552 : Cistudo Maria, 401 : 
Columba livia, 487 , 488 : 
Crocodilus, 8^ : Dicyno- 
dontia, 884 : Edestosaurus, 
889 : Equus cahallus, 648 : 
Globiocephalus melas, 582 : 
Gorgonopsia, 884 : Halma- 
turus ualabatus, 538 : 
pQSectivora, 549 : Lacerta, 
363, 364 : Lepus cunicuM, 
498 : Ornithorhynchus, 627 : 
Pelycosauria, Phoceana 
communis, 585 : Pinnipedia, 
581 : Primates, 563 : 

Rodentia. <>22 : Sphenodon, 
399 : Sterna wilsoni, 475 : 
Sus scrofa, 648 : Syrenia, 
613 : Talpa, 549 : Tapir us 
indicu<i, 647 : Tetrapod, 79* : 
Xenarthra, 629 
Raiidce, 177 
Rails—See Rallidce 
Raja hlanda, 64 
RallidcB, 461 
Ralliformes, 4^1 
Rana, 123 , 306, 307*-334 
Rana esculenta, 307, 308, 309 , 
311 , 314 , 317 , 319 , 328 , 334 
Rana pipiens, 307 
Rana temporaria, 807 , ^08, 

318 , 320 , 821 , 822 , ^ 1 , 
334 

Ranides, 333 
Ranidens, 848 
Ranincs, 333 
RaphidcB, 462 
Raphus, 462, 470, 474 
RatitcB, 467, 474, 485 
Rat kangaroo — See Betiongia 
Rats — See Myomorpha 
Rattlesnake — See Crotalus 
Rauber*s layer, Mammalia, 682 
Rays — See Hsrpotremata 
Receptaculum chyli. Mamma- 
lia, 669 

Rectal artery. Dog-fish, 188 
Rectal gland, Chondrichthyes, 
205 : Dog-fish, 185, 186 : 
Didelphys dorsigera, 685 : 
Lepus cuniculus, 514, 516 : 
Phascolomys wombat, 685 
Rectum, Ascidia, 16 : Ascidi- 
acea, 84 : Ascidia com- 
posita,- 2 Z : Columba livia, 
442, 443 : Didelphys dor- 
sigera, 685 : Dog-fish, 184, 
185, 196 : Lacerta, 366, 867, 
374 : Lepus cuniculus, 508, 
504, 514 : Petromyzon, 139 : 
Petromyzon marinus, 144 : 
Phascolomys wombat, 685 : 
Rana, 818 : Rhahdopleura, 
12 : Salpa,Z 7 : Trichosurus, 
685 

Rectus abdominis muscles, 

Chondrichthyes, 203: Rana, 
316, 817 


Rectus intemus muscles, Rana, 

817 

Rectus muscles of eye, Crani- 
ata, 115* : Dog-fish, 192, 
194 : Skate, 115 
Red blood corpuscles — See 
Blood corpuscles 
Red Deer — See Cervus elaphus 
Red glands — See Vaso-ganglia 
Reef-fishes, 262 
Regalecus, 275 
Reindeer, 602 

Remex, Apteryx, 466 : Colum- 
ba livia, 426, 428, 431* ^ 
Opisthocomus, 466 
Remigolepis, 165 
Renal arteries, Columba livia, 

447 : Dog-fish, 189 : Fishes, 

89, 90* : Lacerta, 368 : 

Lepus cuniculus, 50(3, 607 : 
Rana, 321 

Renal organs — See Urinogeni- 
tal organs 

Renal portal system, Columha 
livia, 448 : Dog-fish, 189 : 
Fishes, 91*: Salamandra 
maculosa, 850 

Renal portal veins. Amphibia, 
349 : Columba livia, 447, 

448 : Dog-fish, 188, 189 : 
Epiceratodus forsteri, 800 : 
Fishes, 89, 90, 91*: La- 
certa, 368 : Rana 322, 323, 
324 

Renal veins, Columba livia, 
447 : Fishes, 89, 91* : La- 
certa, 368 : Lepus cuniculus, 
507, 508 : Rana, 822, 323 : 
Salamandra maculosa, 350 : 
Salmo fario, 258 
Rennet — See Abomasum 
R^lacing bones. Bony skull, 
75 : Craniata, 74* : Mam- 
malia, 689 : Rana, 809 : 
Salmo fario, 240, 241, 244 : 
Teleostei, 273 

Reproduction, Amphibia, 352 : 
Aspredo, 283 : Gasterosteus, 
283 : Hippocampus, 283 : 
Musielina, 678 : Syngna- 
thides, 283 : Telcostei, 282 — 
See also Development, Im- 
pregnation 

Reproductive system — See 
Urinogenital organs 
Reptilia, 356-4^5 
Respiration, Teleostei, 277 
Respiratory heart. Mammalia, 
94 * 

Respiratory organs. Amphibia, 
347: Amphioxus, 43*: 

Amphipnous, 277 : An abas , 
278 : Anabas scandens, 277 : 
Aves, 477 : Callichthys, 278 : 
Chond^hthyea, 205 : Col- 
umha livia, 443 : &aniata, 
85* : Dog-fish, 186 : Epi- 
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ceratodus forsteri, 298 : 
Holocephali, 220 : Lacerta, 
8®7, 370 : Lepidosiren, 305 : 
Lepus cuniculus, aOH : Mam- 
malia, 671 : Periophihalmus, 
278 : Petromyzon, 140 : 

Rana, 319 : Reptilia, 412 : 
Salmo fario, 249 : Teleostei, 
277 

Respiratory tube, Petromyzon, 
138, 140 : Petromyzon 

marinus, 139 

Respiratory valves, Salmo 
fario, 237 

Restiform body — See Corpus 
restiforme 

Rete mirabile — See Pseudo- 
branch 

Reticulum, Ma mm alia, 666 : 

Pecora, 667 

Retina, Columba livia, 451 ; 
Craniata, 112*. 113 : 

Sphenodon punciaium, 416 
Rctrices, Columba livia, 431 
Rhdbdopleura, 3, 8*, 10*, ii, 

RhaniphastidcD, 462 
Rhamphorhynchoidea, 393 
Rhamphorhynchus , 393 
Rhainphotheca, Aves, 453 
Rhea, 458, 476, 485 
Rheiformes, 438 
Rhenanida, 152, 154. tO; 
Rhinal process, Rana, 312 
Rhinarium — See Muzzle 
Rhinenccphalon : Epiceratodus 
forstcri, 300 
Rhmobatidee, 177 
Rhinobatus, 208 
Rhinoceros, 690, 649, O93 
Rhinoceros bicornis, 595 
Rhinoceros indicus, 696 
Rhinoceros simus, 696 
Rhinoceros sondaicus, 595 
Rhinoceros sumatrensis, 595 
Rhinoceros unicornis, 595 
Rhinocerotidm, 589, 596 
Rhinocerotoidea, 5^9, 595 
Rhinochetides, 461 
Rhinocoele, Chondriolithyes, 
206 : Craniata, 98 : Dog- 
fish, 191, 206 : Petromyzon,’ 
141 : Rana, 325 : Salmo 
fario, 250 : Scymnorhinus, 
206: Squalus,2o(i : Squatina, 
206 

Rhinoderma darwini, 352 
Rhipidistia, i52» ^^5*-7 
Rhizodontidca, 287 
Rhizodus, 287 
Rhomboid scales, 63 
Bhynchooephalia, 3^71'^ 424 
Rhynchocyon, 546 
Rhynchocyon chrysopygus, 647 
Phynchodus, 815 
Rhyncholepis, 13 1 
Rhyncholepis parvulus, 130 


Rhynchosaoria, 424 

Rhynchosaurus, 388 
Rhynchotherium, 608 
Rhytina — See Hydrodamalis 
Ribbon-fishes, 261, 262 — See 
also Regalecus, Trachypterus 
Ribs, Acipenser, 872 : Alli- 
gator, 409 : Aves, 469 : 
Carnivora, 577 : Cetacea, 
585 : Chelone my das, 402 : 
Chondrichthyes, 200 : Col- 
umba livia, 432, 433 : Crani- 
ata, 67, 70 : Crooodilia, 402 : 
Crocodilus, 399, 400 : Dog- 
fish, 179, 180 : Draco, 400 : 
Epiceratodus forsteri, 296 : 
Halmaturus ualabatus, 638 : 
Lacerta, 369 : Lepus cuni- 
culus, 489, 490 : Mammalia, 
638 : Monitors, 402 : Orni- 
thorhynchus, 527 : Phoccena 
communis, 686 : Pleura- 
canthus decheni, 176 : Polyp- 
terus, 271, 272 : ihrototheria, 
526 ; Reptilia, 400 : Salmo 
fario, ^9 : Sirenia, 612 : 
Teleostei, ' 271 : Urodela, 
343 : Xenarthia, 627 
Ring-tailed Opossum — See 
Pseudochirus 
Rita, 261 

Rita buchanani, 259 
Roach, 2O1 

Rock Wallaby — See Petrpgale 
penicillaia, P, xanthopus 
Rodentia, 517, 518, 616-622, 

649, 665 

Rods of eye, Craniata, 113* : 

Sphenodon, 116 
Rollers — See Coraciida 
Root-sheath of hair, Mammalia, 
634, 636 

Roots of teeth. Mammalia, 

651 

Rorquals — See Balcenoptera 
Rostral, Coccosteus decipiens, 
161, 162 : Drepanaspis gem- 
uendenensis, 133 : Hetero- 
steus, 163 : Homosteus milleri, 
162 : Ichthyostega, 334 : 
Leptolepis bronni, 267 ; 
PalcBoniscus macropomus, 
287 : Pteraspis rostrata, 13 1, 
132 

Rostrum, Acipenser, 262, 272 : 
Apteryx mantelli, 473 ; Bony 
skull, 76 : Callorhynchus 
antarcticus, 220 : Cartil- 
aginous skull, 72 : Chimara 
monstrosa, 218 : Chondricli- 
thyes, 200 : Columba livia, 
434, 435 • Craniata, : 
Dog-fish, 180: Holocephali, 
217, 219 : Prototheria* 52^ : 
Salmo fario, 241 ; Scyliorhi- 
nus, 180 : Squalor aja, 216 ; 
Xenarthra, 628 
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Rumen, Mammalia, 666 ; 
Pecora, 667 

** Ruminants — See Pecora 


S 

Saccopharynz, 258 
Saccopharynx ampullaceus, 269 
Sacculus, Callorhynchus ant- 
arcticus, 220 : Chondrich- 
thyes, 206 : Columba livia, 
451 : Craniata, 117* : La- 
certa, 373, 374 : Petromyzon, 
144 : Salmo fario, 262 
Saccus vasculosus, Chondrich- 
thyes, 206: Craniata, 99*: 
Dog-fish, 190, 191 : Salmo 
fario, 260, 261 
Sacral ribs, Lacerta, 359 
Sacral vertebrae. Alligator, 409: 
Columba livia, 433, 434 : 
Lepus cuniculus, 489, 490 ; 
Primates, 560 ; Rana, 309, 310 
Sacro-vertebral angle. Primates, 
560 

Sacrum, Columba livia, 433 ; 
Crocodilus, 399 : Dasypus 
sexcinctus, 631 : Lepus cuni- 
culus, 490, 498, 499 • Mam- 
malia, 638 : Xenarthra, 626 
Sagenodus, 293 
Saghatherium, 615 
Sagitta, Salmo fario, 262 
Sagittal crest. Carnivora, 577 
Sagittal suture, Lepus cuni- 
culus, 494 
Sagittarius, 461 
Sakis — See Pithecia 
Salamandra, 111, 346, 348 
Salamandra atra, 346, 352 
Salamandra maculosa, 340, 360, 
352 

Salamandra s, salamandra, 341 
Salamandrina, 343 
Salamandrine Urodela, 340 
Saliva, Craniata, 84* 

Salivary glands, Aves, 477 : 
Craniata, 84* : Lepus cuni- 
culus, 501, 602 : Petromyzon, 
140 

Salmo, 236*~255 
, Salmo fario, 236-255, 258, 262, 
270 

Salmo salar, 71, 236, 246, 258 
Salmon — See Salmo salar 
Salmonoidea, 258 
SalmoperccB, 261 
Salpa, 25*, 27, 28, 37, 39 
Salpa democratica, 24 
SaXpidcB, 20* 

Salvelinus fontalis, 236 
Sand Grouse— ‘See Pteroclida 
Sandpride, 134 
Sand shark-— ^ Odoutaspis 
Santorini, cartilage of, Lepus 
cuniculus, 608 
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Sarcophilus, 532, 534 
Sarcophilus ursinus, 660 
Sargus, 276 

Sartorius muscle, Rana, 317 
Saurichthyiida, 229 
Saurichthys, 230 
Sauripierus, 287 

Sanrisohia, 390 
Sauropoda, 390 
Sauropsida, 356 
Sanropterygia, 3^4* 4^4 
Saw-fishes — See Pristidcs, 

Pristis 

Saw-sharks — See Pristio- 
phoridcBf Pristiophovus 
Scala tympani, Lepus cuniculus, 

514 

Scala vestibuli, Lepus cuni- 
culus, 514 

Scales, Aoanthodii, 155 • Anas- 
pida, 131 ; Amia, 271 : Ana- 
fiftp thini , 271 : Chamceleon, 
397 : Chelonia, 393 : Chon- 
drichthyes, 199 : Chondrostei, 
231 : CoBlolepida, 133 : Col- 
umba livia, 427 : Craniata, 
63 : Crossopterygii, 65 : 

Bipneusti, 65, 290: Gecko, 
397 : Ginglymodi, 233 : La- 
ceria, 358, 397 : Lanarkia 
spinosa, 133 : Megalichthys 
hibberti, 64 : Palsaonisooidea, 
227 : P^sostomi, 271 : 

Polypterini, 232, 333 : Proto- 
spondyli, 235 : Pteraspido- 
morphi, 13 1 : Pteraspis 
rostrata, 132 ; Pterichthyodes, 
165: Salmo fario, 288 : 
Sqaamata, 397 : Teleostei, 
271 

Scaly Ant-eaters- -See Manis, 
Pholidota 

Scapanorhynchus, 176 
Scaphognaihus, 398 
Scaphoid, Bradypus tridactylus, 

630 : 0aniivora>379 ^ Chiro- 

ptera, 552 : Equus caballus, 
648 : Globiocephalus melas, 
582 : Gorilla, 565 : Homo, 
565 : Insectivora, 349 • 

Lepus cuniculus, 498, 499 : 
Mammalia, 646 : Mesonyx, 
646 : Ornithorhynchus, 527 : 
Papio anubis, 565 I Ponge, 
565 ; Primates, 565 ; Proto- 
theria, 330 : Rodentia, 622 : 
Sus scrofa, 648 : Talpa, 549 : 
Tapirus indicus, 647 : Tri- 
Ufimodon agilis, 644 
Scapholunar, Ornithorhynchus, 

: Pinnipedia, 581 : Ursus 
americcmus, 579 
Scapifhynchus, 230 
Scapula, Acanthodii, 134 : 
Amhlystoma, 346 : Apteryx 
manUUi, 475 : Archaornis 
siemensi, 464 : Carnivora, 


579 : CarinatcB, 474 : 

Casuarius, 470 : Cetacea, 
386 : Chelonia, : 

Chiroptera, 352 : Chond- 
richthyes, 203 : Cistudo 

luiaria, 401 : Climatius 
reticulatus, 155 : Columba 
livia, 482, 437 : Crocodilus, 
899 : Dicynodontia, 3^^ *• 
Dipiacanthus, 155 : Edesto- 
saurus, 389 : Halmaiurus 
ualabatus, 538 : Iguanodon 
bernissariensis, 391 : La- 
certa, 369, 363 : Macropetal- 
ichthys prumUnsis, 168 : 
Mammalia, (*43 : Ornitho- 
rhynchus, 527, 580 : Pho- 
ccena communis, 585 : Pinni- 
pedia, 581 : Plesiosaurus, 
385 : Primates, 563 : Proto- 
theria, 329 ^ Rana, 314 : 
Ratitee, 474 : Rodentia, 621 : 
Salamandra 346 : Salmo 
fario, 246 : Sphenodon, 399 : 
Syrenia, 613 : Teleostei, 

274 : Tetrapod, 80, 81* : 
Xenarthra, O28, C29 
Scapular portion of pectoral 
girdle. Dog-fish, 183 
Scapular region, Tetrapod, 81* 
Scaumenacia, 293 
Scaumenacia curia, 291 
Scelidotherium, 62 3 
Schizpcoele, Craniata, 123* 
Schizognathus palate, Aves, 472 
Schizotherium, 399 
Schneiderian membrane, Col- 
umba livia, 450 : Craniata, 
111 

Sciatic artery, Columba livia, 

447.448 ' 

Sciatic vein, Columba livia, 
447 : Lacerta, 367, 368 : 
Rana, 822, 323 
Sciuroidea, 630 
Sciuromopha, 620 
Sciurus, 620 
Sclerodtis, 129 
Soleroparei, 261 

Sclerotic, Chondrichthyes, 206 : 
Columba livia, 451 : Crani- 
ata, , 71*, 111, II2* : Dog- 
fish, 194 ; Lacerta, 878 : 
^ Lepus cuniculus, $14: Mam- 
malia, 673: Reptuia, 145: 
Salmo fario, 231, 252 
Sclerotic plates, Archesopteryx 
lithographica, 465 : Columba 
livia, 430, 451 : Palse- 

oniscoidei, 226: Pterichthy- 
odes, 1 03 

Sclerotic ring, Hemicyclaspis 
murchisoni, 127 
Scolopacides, 461 
Screamers — See Carimida 
Scrotal sac, Lepus cuniculus, 
515 : Mammalia, 677 


Scutes, Acipenser, 230, 271 : 
Hemicyclaspis murchisoni, 
127 : Lophiobranchii, 271 : 
Pleotognathi, 271 : Siluridtv, 
271 

Scyliorhinida, 177 
Scyliorhinus, S. canicula, S. 

stellaris — See Dog-fish 
Scymnorhinus, 200, 203, 206, 220 
Scymnosuchus , 383, 384 
Sea bream, 261 
Sea-horse — See Hippocampus 
Seals — See Phoca vitulina, 

PhocidcB, Pinnipedia 
Sea-lamprey — See Peiromyzon 
marinus 

Sea-lions — See Pinnipedia 
Sea-snakes, 389 
Sea-squirt — See Ascidia 
Sebaceous glands. Homo, 684 : 

Mammalia, 634, 635, 63C 
Sebastes percoides, 260 I, 

Second cranial nerve — See , 

Optic nerve 

Secondary cranium, Craniata, 
77* : Salmo fario, 240 
Secondary lower jaw, Craniata, 
78* 

Secondary upper jaw, Craniata, 
77 * 

Secretary Bird — See Sagit- 
tarius 

Seedsnipe — See Thirocorythidec 
Segmental duct — See Prone- 

phric duct 

Segmentation, Acipenser, 283, 
284 ; Alytes, 334 : Amia, 

288, 284 : Amphibia, 354 ^ 
Amphioxus, 51, 32 : Ascidi- 
acea, 29 : Aves, 479 : Ces- 
tracion, 208 : Chondrioh- 
thyes, 208 : Dasyurus, 689 ; 
Didelphys, 689 : Ganoids, 
284 : Gyinnophiona, 354 •* 

Lepidosieus, 283, 284 : Lepus 
cuniculus, 317 : Mammalia, 
681 : Metatheria, 689 : 

Petromyzon, 145 : Pipa, 
334 : Polypterus, 284 : 

Prototheria, 690 : Rana, 
329, 380 : Reptilia, 4^7* 
Teleostei, 284 

Segmentation cavity, Chond- 
riehthyes, 208, 210 : Clavel- 
lina, 30 : Reptilia, 417 
Selachii — See Chondrichthyes 
Selenodont molar, 1lganinui.liA j 
637* 

Sella turcica — See Pituitary 
fossa 


Semicircular canals, Callorhyn- 
chus antarcticus, 21210 : 
ChimeBra monstrosa, 218 : 
Chondrichthyes, 206 : 
Craniata, ixa*", 117 : Dog- 
fish, 192, 104 : Lacerta, 3!% 
374 : Myxine, 150 : Petro- 
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myzon, 144 : Pteraspis ros- 
trata, 133 ; Salmo fario. 

Semilunar plate, Pterichthvodes, 

164 

Semilunar valves, Lepus cuni- 
cuius, 504, 505 ' Inaminalia, 

670 

Seminal vesicle — See Vesicula 
seminalis 

Semionotida, 234, 235 
Semionotus, 235 
Semi-placenta, GSS* 
Semi-plumes, Aves, 468 
Semi-tendinosus muscle, Rana, 
817 

Semnopitkecus — See Cercopith- 
ecus 

Sense-vesicle, Ascidiacea, 32,* 
88,84 

Sensory canals — See Lateral 
line 

Sensory organs. Amphibia, 
351 : Amphioxus, 50 ; Aves, 
478 : Chondrichthyes, 206 : 
Columha livia, 450 : 
Craniata, log : Dog-fish, 
194 : Petromyzon, 142 : 

Rana, 325 : Reptilia, 415 •* 
Salmo fario, 251 : Salpa 
democratia, 24 
Seps — See Chalcides 
Septomaxillary, Ichthyostega, 
^4, 335: Rana, 31 1 : 

Tritylodon longtsvus, 519 
Septum auricularum, Am- 

phibia, 348 : Rana, 820 
Septum lucidum, Lepus cuni- 
culus, 511, 512 : Pcirogale 
penicillata, 678 

Septum vcntriculorum — See 

Ventricular septum 
Serous membrane — See Chorion 
Serranus, 282 

Sesamoids, Prototheria, 53° : 
Tetrapod, 80 

Seventh cranial nerve — See 
Facial nerve 

Sewellel — See Aplodontia 
Seymouria, 878 

Seymoniiamorpha, 378 

Shad, 258 

Shaft of bones, Tetrapod, 8i* 
Shagreen, Chondrichthyes, 199 
Shags — See Phalacrocorax 
Sharks — See Pieurotremata 
Shearwaters — See Puffinus 
Sheep — See Bovoidea 
Shell — See Egg-shell 
Shell-gland. COiondrichthyes, 
207 ; Dog-fish. 185, 195*. 196, 
198: Holooephali, 222 
Shell-membrane, Aves, 479 • 
Columha livia, 452 : Gallus 
hankiva, 480 

Shoulder-girdle — See Pectoral 
' girdle 


Shovel-nosed sturgeon — See 

Scapirhynckus 

Shrews — See MacroscelidcB, 

SoricidcB 

Sigmoid cavity, Lepus cuni- 
cuius, 498 

Silurian, Acanthodii, 154 : 
Agnatha, 125 : Anaspida, 

131 

SiluridcB, 261, 270, 275 
Siluroids — See Silurida 
Simia — See Ponge 
Simiida, 559, 560 
Simpheidentata, 618, 620 
Sinanthropus, 559 
Sinu-auricular aperture, Dog- 
fish, 186 : Rana, 820 
Sinuses, Fishes, 91* 

Sinus rhomboidalis, Columha 
livia, 442, 450 

Sinus terminalis, Lepus, 686 : 
Lepus cuniculus, 516 : Mam- 
malia, 684 : Perameles obes- 
ula, 691 

Sinus venosus. Amphibia, 348 : 
Craniata, 67 : Dog-fish, 185, 
186, 187, 188 : Epiceratodus 
fovsteri, 298 : Fishes, 88*, 89, 
90 : Lacerta, 366, - 867 : 

670 ; Petromyzon, 
140 : Petromyzon marinus, 
189 : Rana, 818, 822, 824 : 
Reptilia, 413 : Salamandra 
atra, 8fik) : Salmo fario, 249 
Siphons, oral z.nda.txiaX,Ascidia, 
14*. 16 
Siredon, 354 
Siren lacertina, 840 
Sirenia, 518, 610-613 
Sivatherium, 602 
Sixth cranial nerve — See 
Abducent nerve 
Skates, 116, 177 
Skeletogenous cells, Craniata, 
68 

Skeletogenous layer. Craniate, 
68 , 69* : Cistudo lutaria, 

401 

Skeleton, Amphibia, 342 : Am- 
phioxus, 43* : Astrapother- 
ium magnum, 572 : Brady- 
pus tridactylus, 6^ : Carni- 
vora, 577 : Cetacea, 585 • 
Chelone mydas, 402 : Chir- 
optera, 55 ^ ’ Chondrichthyes, 
199 : Columha livia, 431, 
482 : Craniate, 68* : Croco- 
dilus, 899 : Dog-fish, 178, 
180 : Dugong australis, 611 : 
Epiceratodus forsteri, 295 : 
Halmaturus ualabatus, 5^ : 
Holooephali, 218 : Homalo- 
jdotherium, 571 : Iguana- 
don hernissartensis, 891 : In- 
seotivora, 547 • I^ctcerta, 358 : 
Lepus cunictUus, 489 : Jlfac- 
rauchenia, 570 : Mammalia, 


637 : Metetheria, 536 : Orni- 
thorhynchuSf 527 : Petro- 
myzon, 135 : Phoca vitulina, 
580 : Phoceena communis, 
585 : Primates, 5^0 : Rana, 
308, 800 : Prototheria, 526 : 
Reptilia, 398 : Rodentia, 
621 : Salmo fario, 238 : 
Sirenia, 612 ; Sphenodon, 
899 : Teleostei, 271 : Uro- 
lophus, 201 : Xenarthra, 626; 
Zeuglodon, 584 

Skeleton, visceral — See Visceral 
skeleton 

Skin. Amphibia, 342 : Craniata, 
68 : Homo, 684 : Petromyzon, 
135 : Salmo fario, 238 : 
Skincoids, 397 
Skink, 388, 419, 423 
Skull. Acanthodes, 156 : Aci- 
penser, 272 : Actinistia, 288 : 
Amia, 273 : Amphibia, 344 ^ 
Anapsida, 375* 876 : Anas 
hoschas, 478 : Anora, 344 • 
Apteryx mantelli, 472, 478 : 
Ara, 474 : Aracoscelis, 876 : 
A rch cBopteryx lithographica, 
465 : Aves, 876, 485, 4 <^ 9 . 
471 : Bathy apsis, 569 : 

Callorhynchus antarcticus, 
220 : Car^is familiaris, 578 : 
Carnivora, 577 • Cartil- 
aginous, 72 : Centetes ecaud- 
atus, 547 : Cetacea, 582, 586 : 
Chelone mydas, 406 : Chelo- 
nia, 375: Chim car a monstrosa, 
218 : Chiromys, 557 : Chir- 
optera, 552 : Chondrichthyes, 
200 : Chondrostei, 272 : 

Ccelogenys paca, 619 : Col- 
umha livia, 484 : Cotylos- 
sauria, 876 : Cow, 588 ; 
Craniate, 67, 70* : Crocodilus, 
407 : Crocodilus porosus, 407 : 
Crotalus, 403 : Cynodontia, 
882: Dasypus sexcinctus, 627: 
Dasyurus, 589 : Deltatheri- 
dium pretrituherculare, 544 : 
Dendrohyrax, 614 : Diadia- 
phorus, 570 : Diapsida, 876, 
377 : Dinocerata, 569 : Dino- 
therium giganteum, 607 : 
Dipterus valenciennesi, 262 : 
Dog-fish, 180 : Elachoceras, 
569 : Elephas maximus, 605 : 
Emys europcea, 405 : Eo- 
hasileus, 569 : Epiceratodus 
forsteri, 296 : Eqnoidea, 591: 
Equus, 588^ 592, 662 : En- 
theria, 541 : Eelis tigris, 
578 : Globiocephalus, 582 : 
Qorgonopsia, : Gymno- 
phiona, 344 : Heptranchias, 
202: Homo, 560, 561: 

Hyopsodus, 566 : Hyracoidea, 
613 : Hyraebtherium, 592 : 
Ichthyophis glutinosa, 845 : 
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Ichthyopterygia, 377 ^ 
thyostega, 834 : Insectivora, 
547 : l^byiinthodontia, 337 ^ 
Lacerta, 360, 861, 376 : 

I-emur, 556 : Lemuroidea, 
563: Lepidosteus, 273: 

Leptokpis bronni, 257 : 
Lepus cuniculus^ 491, 492, 
495 : Loxodonta africana, 
604 : Mammalia, 876, 638. 
689 : Manatus senegalensis, 
612 ; MesohippuSf 592 : 

Metatheria, 530. 53^ • 

Mceritherium, 606 ; Myrme- 
cophaga, 627, 628 : Ophidia, 
378, 402 : Osteolepis, 886 : 
PalcDogyrinus decorus, 836 : 
Palceomastodon, 607 : Pan 
troglodytes, 562 ; Pedetes 
c^r, 619 : Pelycosauria, 
37o : Petfogale penicillata, 
540 : Petromyzon marinus, 
135 : Phascolarctos cinereus, 
659 : Phascolomys wombat, 

539: Plesiosaaria,377- Poly- 
pterini, 232 : Polypterus, 273 : 
Primates, 555 • Procavia, 
615 : Protocetus, 583 : Proto- 
hippus, 592 : Protopterus, 
305 : Protorohippus, 592 : 
Prototheria, 520 : Psittacus, 
472 : Pteropus fuscus, 553 : 
Ptilocercus lowii, 548 : Pana, 
310, 311 : Reptiua, 375. 876, 
377, 402 : Rhipxdistia, 285 : 
Rodentia, 621 : Salamandra 
atra, 345 : Salmo fario, 240, 
241, 244 : Salmo solar, 245 : 
Sarcophilus ursinus, 660 : 
Scaphognathus, 393 : Sirenia, 
612 : Sphenodon, 404, 405 • 
Synapsida, 375. 876; Tacky- 
glossus aculeatus, 529 : Tad- 
pole, 318 : Tceniolabis, 520 : 
Tarsius spectrum, 558 : 
Thecodontia, 376 : Therio- 
dontia, 376 : Thrinaxodon 
liorhinus, 382 : Thryo- 

nomys swinderanus, 619 : 
Toxodon, 571 : Tritylodov 
longcBvus, 519 : Tropidon- 
oius natrix, 403 : Turtle, 
376 : Uintatherium, 569 : 
Urodela, 34a : Xenarthra, 
627 ; Zalanwdalestes lechei, 
544 

Skunks — See Mustelidee 
Slime-eels — See Myxiuoidei 
Sloths — See Bradypodides 
Sloth, Three-toed — See Brady- 
pus 

Sloth, Two- toed — See Cholcepus 
Small intestine, Dog-fish, 184 : 
Lacerta, 366 : Lepus cuni- 
culus, 502 
Smelt, 258, 282 
SmUodon, 575 


Sminthopsis, 532 
Snakes — See Ophidia 
Snipe — See Scolopacides 
Snout — See Rostrum 
Soft palate, Leptts cuniculus, 
501 , 502 : Mammalia, 667 
Solenichthyes, 261 
Solenodon, 545 
Solenodontida, 545 
Solitaire —See Pezophaps 
Somatic layer of mesoderm, 
Amphioxus, 56 : Craniata, 
123 * : Rana, 123 
Somatic motor fibres, Craniata, 

97 * ^ . 

Somatic motor root, Craniata, 

lOI* 

Somatic sensory impulses, 

Craniata, 97* 

Somatic sensory root, Craniata, 

lOI* 

Somites, Amphioxus, 54* : 

Chondrichthyes, 211 : Crani- 
ata, 122 * : Petromyzon, 146 : 
Relation of nerves to, 105 
Somniosus, 205 , 207 , 208 
Sooty Albatross — See Dio- 

medea fuliginosa 
SoricidcB, 545 
Soricoidea, 545 
Spalacotherium, 522 
Spalax, 620 
Spargis, 402 
Sparrows — See Passer 
Special somatic sensory com- 
ponent, Craniata, 103 * 
Special viscero-motor root, 
Craniata, loi* 

Special viscero-sensory root, 

Craniata, loi*^ 

Spectacled Bear — See Mhiro- 
pus melanoleucus 
Spelerpes, 3^ 

Spermaiy — See Testis 
Spermatic artery. Fishes, 89, 
90 * ; Lepus cuniculus, 506 , 
M7 : Rana, 321 
Spermatic vein. Fishes, 89, 91* : 
Lepus cuniculus, 507, 508 : 
Rana, 322 

Spermatophores, Amphibia, 
352 ; CaXlorhynckus ant- 
arciicus, 222 : Holocephali, 
222, 223 

Spermiduct — See Vas deferens 
Sperms, Craniata, 122 ; Holo- 
oephali, 222 : Lepus cuni- 
culus, 515 

Sperm-sac, Chondrichthyes, 

207 : Dog-fish, 196, 197 
Sperm Whale — See Physeter 
Sphargis, 402 

Sphenethmoid, Proteus angui- 
nus, 344: Rana, 809, 811, 
818 : Salamandra atra, 345 
Sphenisdformes, 460 
Sphenodon, 388, 395, 888 , 899, 


400, 402, 404, 405, 407, 408, 
411, 413, 422, 423 
Sphenodon punctatum, 396, 415 
Sphenoidal fissure, Lepus cuni- 
culus, 492, 493. 495 : Meta- 
theria, 539 

Sphenoidal sinus. Homo, 675 
Sphenomaxillary fissure. Homo, 

562 

Sphenotic, Salmo Jario, 241, 
242, 244 

Sphyrna, 177, 198 
Spicules, Asoidiacea, 22 
Spider Monkeys — See A teles 
Spigelian lobe of liver. Mam- 
malia, 669 

Spinal accessory nerve, Crani- 
ata, 105* : Lacerta, 372 
Spinal accessory nerve foramen, 
Lepus cuniculus, 495 
Spinal canal — See Neural canal 
Spinal column — See Vertebral 
column 

Spinal commissure, Lacerta, 

372 

Spinal cord. Alligator, 415 : 
Amphioxus, 49 : Aves, 484 : 
Canis, 672 : Columba livia, 
442, 449 : Craniata, 67, 68 , 
95*. 96, 98 : Dog-fish, 185, 

192, 194 * Lacerta, 369, 372 : 
Myxine glutinosa, 150 : 
Petromyzon, 142 : Petro- 
myzon marinus, 139, 144 : 
Rana, 123, 818, 325, 326, 
830 : Salmo fario, 250, 251 

Spinal nerve foramina, Aci- 
penser, 272 

Spinal nerves. Alligator, 415 : 
Amphioxus, 41, 50 : Colum- 
ba livia, 449 : ^Craniata, 96*, 
102 : Dog-fish, 192 : Rana, 
325, 326 : Salmo fario, 250 
Spinal pteryla, Columba livia, 
426, 481 : GypaHus, 467 
Spina sterni. Callus, 470 : 

Turdus, 470 : Vultur, 470 
Spinous process, Lepus cuni- 
culus, 489 

Spiny Ant-eater — See Tachy- 
glossus aculeatus 
Spiny dog-fishes — See Squdlus 
Spiny eels — See Opisthomi 
Spiracle, Chondrichthyes, 199 : 
Dog-fish, 178, 185, 187, 192, 

193, 213 : Polypterus, 268, 
273: Torpedo, 204 

Spiracular cartilage, Chond- 
richthyes, 202 : Urolophus, 
201 

Spiracular epibranchial artery. 
Dog-fish, 188 

Spiracular gill — See Pseudo- 
branch 

Spiral valve, Acipenser, 276; 
Amia, 276 ; Carcharinus, 
203 : Chirocentrus, 276 : 
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Chondriohthyes, 205 : Chon- 
drostei, 231 : Dog-fish, 184, 
186 : Ganoids, 276 ; Holo- 
oephaliy 220 : Lepidosteus, 
276, 878 : Petromyon, 140* : 
Polypterus, 276 : Proto- 
spondyli, 235 

Splanchnic artery, Lacerta, 867, 
368 : Rana, 821, 824 
Splanchnic layer of mesoderm : 
Amphioxus, 56 : Craniata, 
123* : Rana, 123 
Splanchnic nerve, Lepus cuni- 
culus, 514 

Splanchnotome — See Lateral 
plate 

Spleen, Aves, 477 : Columba 
livia, 442, 443 : Craniata, 67, 
84* : Dog-fish, 186, 186 : 
fishes, 89 : Lacerta, 367, 869, 
370 : Lepidosteus, 278 : 

Lepus cuniculus, 503, 509 : 
Rana, 818, 319 : Salmo fario, 
248, 249 

Splenial, Aves, 436 ; Columba 
livia, 436 : Cynognathus, 
888 : Dimetrodon, 883 : 
Diplopteraxtrailli, 2 S '7 : Lpi 
ceratodus for steri, 297 : Holo- 
ptychius flemingi, ^8 : La- 
certa, 362 : Osteolepis macro- 
lepidotus, 286 : Protopterus, 
8u6 : Scymnosuchus, 888 
Splenial teeth, Epiceratodus 
for steri, 297 

Splenic artery, Lepus cuniculus, 
603 : Rana, 821, 324 
Splenic vein, Rana, 822, 324 
Splenium, Lepus cuniculus, 
510 : Mammalia, 673* • 

Petrogale penicillata, 673 
Spoonbills — See Platalea 
Spoonbill Sturgeon — Sec 

Polyodon 
Sprats, 258 
SquaXidce, 177 
SqualodontidcB, 584 

Squaloidea, 176, 177 
Squaloraja, H2, 214, 216 
Squalus, 177, 205, 206 
Sanamata, 388*, 397* 424 
Squamosal, Apteryx mantelli, 
472, 478 : Aves,,486 : Bony 
skull, 76 : Cams familiaris, 
578 : Catarrhini, 640 : 

Centetes ecaudatus, 547 : 
Cetacaa, 586 ; Chelone my das, 
406 : Chelonia, 406 : Col- 
umba livia, 484, 435 • 

688 : Craniata, 78 : Croco- 
dilus porosus, 407 : Crotalus, 
408 : Dasypus sexcinctus, 
627 : Dasyurus, 689 : Dip- 
lopterax trailli, 287 : Emys 
europaa, 405 : Epiceratodus 
forsteri, 295 : Equus, 668, 
640, 602 : Pelis tigris, 678 : 


Globiocephalus, 582 : Gor- 
gonopsia, 882 : Holoptychius, 
286 : Holoptychius flemingi, 
288 : Homo, 661 : Ichthyo- 
phis glutinosa, 845 : Ichthyo* 
stega, 884 : Insectivora, 640 : 
Lacerta, 360, 861 : Lemur- 
oidea, 640 : Lepus cuniculus, 
492 , 494» 495 : Mammalia, 
639 , 640 , 641 : Manatus 
senegalensis, W 2 : Myrme- 
cophaga, 627 , 628 : Orni- 
thorhynchus, 627 : Osteo- 
lepis macrolepidotus, 286 : 
Petrogale penicillata, MO : 
Phascolomys wombat, 539 : 
Platyrrhini, 640 : Primates, 
640 : Prototheria, 528 : 

Rana, 809 , 811 , 312 : 

Salamandra atra, 845 : 
Sphenodon, 404 , 405 : 

Tachyglossus aculeatus, 529 : 
Tarsioidea, 640 : Thrinaxo- 
don liorhinus, 882 : Tropi- 
donotus natrix, 403 : Tupai- 
idce, 640 : Ursus ferox, 579 
Squamous suture, Lepus cuni- 
culus, 491 

Squaiina, 177, 205, 206, 265 
SquatinidcB, 177 
Squirrel Monkeys — See Suimiri 
Squirrels— See Sciuroidea ; 
Sciurus 

Stalk, Cephalodiscus, 11 : 

Rhabdopleura, 12 
Stapedial arteiy. Dog-fish, 188 
Stapes, Amphibia, 351 •' Col- 
umba livia, 436, 437 : Homo, 
676 : Ichihyophis glutinosa, 
845 : Lepus cunictUus, 497 : 
Mammalia, 118, 676 : Rana, 
311 , 313, 327 : Salamandra 
atra, 845 : Tadpole, 818 : 
Thrinaxodon liorhinus, 382 : 

Urodela, 344 

Star-gazer — See Astroscopus 
Starlings, 486 
Statocyst — See Otocyst 
Steganopodes, 461 

Stegocephalia, 30 ^*^ 307 . 332 , 

347 

Stegomastodon, 608 

Stegosauria, 391 

Stegosaurus, 391 
Stegostoma, 177 
Steller’s Sea Cow — See Hydro- 
damalis 

Stensidella, 167 
Stensioella heintzi, 169 
Stereoscopic vision, Tarsius, 
559 

Stereospondyli, 335 

Stereospondylous vertebrae. 

Amphibia, 837 : Labyrin- 
thodontia, 335 : Reptilia, 

398 

Sterna wilsoni, 476 
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Sternal ribs, Carnivora, 577 ' 
Columba livia, 482 : Craniata, 
70* : Lacerta, 869 : Mam- 
malia, 638 

Sternebras, Lepus cuniculus, 
491 . 502 : Mammalia, 638 
Sternotracheal muscles, Col- 
umba livia, 444 
Sternum, Amblystoma, 846 : 
Aptornis, 470 ; Aves, 469, 
470 : haleenoptera musculus, 
586 : Carinates, 470 ; Carni- 
vora, 577 •’ Casuarius, 470 : 
Cetacea, 5 ^ 3 ^ 5^5 : Chirop- 
tera, 552 : Cnemiornis, 470 : 
Columba livia, 482, 434, 440. 
441 : Craniata, 7 ^* ^ Croco- 

dilia, 402 : Drome^us, 470 : 
Dicynodontia, 381 : Callus, 
470 : Halmaturus ualabatus, 
538 : Hesperornis, 470 : 

Lacerta, 859 , 3^0 : Laoertilia, 
402 : Lepus cuniculus, 491 : 
Mammalia, 63 ^: Necturus, 
346 : Notornis, 470 : Ocy- 
dromus, 470 : Pezophaps, 
470 : Phoccena communis, 
M 5 : Procellaria, 470 : Pro- 
totheria, 526 : Rana, 814 , 
315 ; Raphus, 470 : Raiitcs, 
470 : Rodentia, 621 : Sire- 
nia, bi2 : Stringops, 470 : 
Talpa, 549 : Turdus, 470 : 
Urodela, 346 : Vultur, 470 
Sticklebacks — See Gasterosteus 
Stigmata, Appendicularia, 22 : 
Ascidia, 15*, 16 , 23, 38 , M : 
Doliolum, 24 , 25* ; Larvacea, 
21* 

Sting-Ray — See Urolophus 
Stoats — See Mastelidce 
Stolon, Asoidiacea, 84 : Dolio- 
lum, 85, 86*, 87 : Pyrosoma, 
26 : Salpa, 26, 87 : Salpa 
democratica, 24 

Stomach, Appendicularia, 22 : 
Ascidia, 14, 16 : Ascidies 
composites, 28 : Brady pus 
tridactylus 666 : Camelus, 

666 : Canis, 666 : Cephalo- 

discus, 11 : Columba livia, 
442 : Craniata, 67 , 82* : 
Crooodilia, 412 : Dog-fish, 
184 ; Doliolum, 24 : Fishes, 
89 : Holoc^hali, 219 : 

Homo, 666 : Lacerta, 866, 
867 , 869 : Lepidosteus, 278 : 
Lepus cuniculus, 502, 508 : 
Mammalia, 666, 667 : Mus 
decumanus, 666 : Mus 

musculus, 666 : Peeora, 6669 

667 : Phocesna, 668 : Rana, 

818,819: Rhabdopleura, 
Salmo fario, 247, 248 : Salpa, 
25, 37 : Tachyglossus 

aculeatus, 666 : Teleostei, 
276 : Weasel, 666 
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Stomata, Craniate* 95 
Stomias boa, 270 
Stomiatoidea, 258 

Stomodaeum, Ascidia, 15*: 

Lepus, 686 : Rana, 880* 331 
Storks — See Ciconia 
Storm Petrels — See Oceanites 
Stratum comeum, Craniate, 
63 : Feather, 480 
Stratum malpighii — See Mal- 
pighian layer 

Stria longitudinalis of corpus 
callosum, Lepus cuniculus, 

511 

Striges, 462 

Strigida, 462, 474, 477 

Strigiformes, 4^2 

String<^s, 470 

Struthio, 458, 475, 476, 479, 

485 

Struthioniformes, 45 H 

Sturgeon — See Acipenser, A. 
ruthenus 

Styles of molars, Maxnmalia, 

657* 

Styliform cartilage, Petro- 
myzon marinus, 185* 138* 
SiyHnodon, 616 

Styloglossus, Lepus cutticuius, 
493 

Stylohyal, Glohiocephalus, 582 : 
Homo, 562 : Lepus cuni- 
cuius, 493 : Mammalia, 689, 
641 : Manaius senegalensis , 
612 : Primates, 363 
Styloid process. Homo, 562 : 
Myxine, 149 : Myxine glu- 
/mo 5 a, 150 : Petromyon, : 
Petromyzon marinus, 185, 
186 

Stylomastoid foramen, Lepus 
cuniculus, 494 : Ptilocercus 
lowii, 548 

Stylomastoid process, Lepus 
cuniculus, 492 

Subatrial ridge, Amphioxus, 

58* 

Subclavian artery, Columba 
livia, 447, 448 : Craniate, 
98 :* Cfocodilus, 414 : Dog- 
fish, 187, 188 : Fishes, 89, 
90* ; Lacerta^ 867* 368, 418 : 
Lepus cuniculus, 502, 506, 
507: Mammalia, 670 : Rana, 
821, 824 

Subclavian veins. Craniate, 
98 : Dog-fish, 188, 189 : 

Fishes, 92* : Lacerta, 
867, 368, 370, 418 : Lepus 
cuniculus, 502, 506, 507 : 
Rana, 824 : Scdamandra 
maculosa, 850 : Salmo fario, 
258 

Subclavius muscle, Columba 
livia, 440, 441 

Subcutaneous lymph-sinus, 
Rana, 824, 325 


Subdigiti^ade foot,BIammalia, 
644 

Subintestinal vein, Amphioxus, 
41, 47*, 58 : Fishes, 92* 
Sublingual glands, Lepus cuni'^ 
cuius, 501 . 502 

Submaxillary gland, Lepus 
cuniculus, 50 X, 502 
Submentalis muscle, Rana, 817 
Submental sinus. Dog-fish, 188 
Submucosa, Craniate, 82* : 
Mammalia, 110 

Subocular arch, Myxine glutin- 
osa, 150 : Petromyzon, 137 * : 
Petromyzon marinus, 185, 186 
Subopercular, Cheirolepis, 228 : 
Chondrosteus acipenser oides, 
281 : Coccocephalus wildi, 
232 : Crossopterygii, 268 : 
Diplopterax irailli, 287 : 
Holoptychius flemingi, 288 : 
Lepiolepis bronni, 267 : 
Osteolepis macrolepidotus, 
286 : PaleBoniscus macro 
pomus, 227: Salmo fario, 
287, 241, 243 

Suborbital bone, Coccosteus 
decipiens, 161 : Epiceratodus 
forsteri, 295, 296 : Hetero^ 
steus, 168 : Lepiolepis 

bronni, 257 : Palceoniscus 
macYopomus, 227 
Suborbital canal, Amia calva, 
108 

Sub^eritoneal rib. Craniate, 

Subscapular vein, Epiceratodus 
forsteri, 299, 300 
Subvertebral l>^ph-sinus, 
Petromyzon marinus, 144 : 
Rana, 325 

Subzonal membrane — See 
Chorion 

Sucker, Rana, embryo, 830, 331 
Sucking-fish — See Echeneis \/^ 
Sufflaminal plate, Pierich- 
thy odes, 164 
SuidcB, 600 , 661 , 692 
Soimiri, 559 
Sula, 461 

Sulcus intraencephalicus 
posterior, Lacerta, 872 
Sunbittems — See Eurypygidce 
Sunfish — See Mola 

Suoidea, 600 

Superognathals — Pierichthy- 
odes, 165 

Supra-angular, Aves, 485 : 
Columba livia, 484, 436 : 
Lacerta, 861, 362 : Tropi- 
donotus natrix, 408 
Supraclavicle, Salmo fario, 246, 
247 

Supradeithrum, Cheirolepis, 

: Chondrosteus acipen- 
seroides, 281 ; Coccocephalus 
wildi, 282 : Helichthys 


elegans, 280 : LeptoUpis 
bronni, 257 : Paleeoniscus 
macropomus, 227 : Teleo* 
stei, 274 

Supracondylar foramen, In- 
aeciivora, 5^9 

Supracondyloid foramen. Car- 
nivora, 579 

Supraethmoid bone. Protop- 
terus, 805 : Salmo fario, 
240, 241, 242, 248 
Supramaxilla, Lepiolepis hron- 
ni, 267 : Salmo fario, 241 
Supraoccipital, Aniira, 344 ; 
Apteryx mantelli, 478 : Aves, 
485 : Bony skull. 75 : Brady- 
pus tridactylus, 629 : Canis 
familiaris, 578 : Cotecea, 
586 : Chelone mydas, 406 : 
Columba livia, 484, 435 : 
Craniate, 75* : Dasypus 
sexcinctus, 627 : Dasyurus, 
589 : Emys europeea, 405 : 
Globiocephalus, 582 : Homo, 
561 : Ichthyostega, 834 : 
Lacerta, 360, 861 : Lepus 
cuniculus, 491, 492, 495 : 
Manaius senegalensis, 612 : 
Myrmecophaga, 627, 628 : 
Phoccena communis, 585 : 
PholidophoridcB, 256 : Pro- 
cavia, 615 : Protopterus, 305: 
Mammalia, 689 : Salmo 
fario, 241, 242, 244, 248 : 
Sirenia, O12 ; Tropidonotuh 
natrix, 403 

Supraoccipital region, Sala- 
mandra atra, 845 
Supraorbital, Diplopterax 
trailli, 287 : Holoptychius 
flemingi, 288 : Lacerta, 360 , 
861 : Lepiolepis bronni, 257 : 
Osteolepis macrolepidotus, 
286 : Palaoniscus macro- 
pomus, 227 

Supraorbital crest. Dog-fish, 
i8t 

Supraorbital foramen, Apteryx 
mantelli, 472. 478 
Supraorbital plate, Cetacea, 586 
Supraorbital process, Lepus 
cuniculus, 494 

Supraorbital region, Salmo 
salar, 245 

Supraorbital sensory canal, 
Climatius reticulatus, 155 : 
Epipetalichthys wildun- 
gensis, 166 

Suprarenal body, Crantete, 
122 * 

Suprascapula, Chondriolitliyes, 
203 : Lacerta, 859, 363 : 
LeptolepU bronni, 257 : 
Palaoniscus macropomus, 
227 : Rana, 9 ^ : Sala- 
mandra, 846 1 Sphenodon, 
96 % 
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Suprascapular cartilage, Lepus 
cuniculus, 497 

Suprastapedial, Columha livia, 
^ 437 

Supratemporal, Chondrosteus 
acipenseroides, 281 : Diplop- 
terax trailli, 287 : Helichthys 
elegans, 230 : Holoptychius 
flemingi, 288: Ichthyostega, 
334 : LaceHa, 360, 861 : 
Osteolepis macrolepidotus, 
286 

Supratemporal arch, Spheno- 
don, 405 

Supratemporal fossa, Spheno- 
don, 405 

Supratemporal lateralis nerve, 

Craniata, 102 

Supratemporo - intertemporal, 
Leptolepis bronni, 257 
'Surangular, Cynognathus, 388 : 
Dimetrodon, ^3 : Diplop- 
ter ax trailli, 287 : Holop- 
tychius flemingi, 288 : Ostco- 
lepis macrolepidotus, 286 : 
Scymnosuckus, 383 
Sus scrofa, 648, 661 
Suspensorium — See Jaw-sus- 

pension 

Suspensory ligament of eye, 
Craniata, 111, 113* 

Swallows — See Hirudinidce 

Swans — See Cygnus 

Sweat glands, Homo, 634 : 

Mammalia, 636 
Swifts — See Microodidce 
Sword-fish, 261, 2(^.2 
Sylvian fissure, Lepus cuniculus, 

509 

Sylviida, 462 

Symbrancnii, 261 
Symmetrodonta, 517. 518, 521^, 
656 

Symmorium, 173 
Sympathetic nervous system, 
Craniata, 97*, 109: Lepus 
cuniculus, 513 

vSymphysis — See Mandibular 
symphysis, Pubic symphysis 
Symplectic, Acipenser, 272 : 
Leptolepis bronni, 257 : 
Salmo fario, 241, 243, 244 : 
Salmo salar, 245 
Synapses, Craniata, 9O* 
Synapsida, 375» 876, 380*, 
424 

Synapticulae, Amphioxus, 45* : 

Enteropneusta, 5* 
Byndaotyla. ^32 

Syndactylous Metatheria, 531 
Synantofoatbi, 258, 263 
Syngnatkida, 261, 277, 283 
Synotus barbastellus, 550 
Synovial joint, Columba livia, 
433 

Synsacrum, Av 6 B, 469 • ^ol- 
umba livia, 432, 434. 442 


Syrinx, Aves, 478 : Columba 
livia, 442 , 443, 444 
Systematic position— See Classi- 
fication 

Systemic arteries, Fishes, 90* 
Systemic capillaries. Fishes, 90 
Systemic heart, MammaliA^ 
94 * 

Systemic trunk, Rana, 320 , 321 , 
324 

T 

Tabular, Chondrosteus acipen- 
seroides, 281 : Helichthys 
elegans, 230 : Ichthyostega, 

334 

TachyglossidcB, 523, 525, 526 
Tachyglossus, 687 
T achyglossus aculeatus, 525 , 529 , 
636 , 666, 673 , 674 
Tactile corpuscle, Homo, 110 
Tactile spot, Rana, 110 
Tadpole, 313 , 321, 322, 327, 
331 , 332 

Taenia hippocampi, Lepus cuni- 
culus, 511 , 512 : Mammalia, 
672 

Taenia semicircularis, Lepus 
cuniculus, 511 
Tseniodontia, 5^8, 616 
Tceniolabis, 5^, 521 
Tagassuidee, 600 
Tail, Ascidian larva, 34 : 
Columba livia, 427 : Crani- 
ata, 62, 67 : Callus bankiva, 
481 : Lemuroidea, 560 : 

Rana, 330 ~-See also Caudal 
fin 

Tail-coverts, Columba livia, 431 
Tailor-bird — See Orthotomus 
Tail-tract — See Caudal pteryla 
Talonid molar. Mammalia, 63 4*^ 
Talpa, 687, 549 
Talpidce, 545 , 

Tamandua, 623 
Tapetum cellulosum, Dog-fish, 
194 

Tapiroidea, 589^ 59b* 

Tapirus, 590 
Tapirus americanus, 596 
Tapirus indicus, 596, 647 
Tapirus roulini, 596 
Tapirus terrestris, 597 
Tarpon, 258 

'I'arsal cartilage, Columba livia, 

440 

Tarsal homy spur, Ornithorhyn- 
chus, 527 

Tarsals, Emys europcea, 409 : 
Lacerta, 365 : Rana, 316 : 
^henodon, 3 ^ : Tetrapod, 

Tandoidaa, 555. 557. 340 
Tarsipes, 531, 532. 539 
Tatsius, 558, 559 
Tarsius spectrum, 557, 558 


Tarsometatarsus, Columba 
livia, 426, 427, .439: Pen- 
guins, 476 

Tarsus, Camivora, 579 •* Cer- 
vus elaphus, 647 : Chelonia, 
409 : Crocodilus, 410 : Emys 
europeea, 409 : Equus cabal- 
lus, 648 : Gorilla, 565 : 
Homo, 565 : Lacerta, 365 : 
Lepus cuniculus, 500 : Mam- 
malia, 644, 645, 646 : Ponge, 
565 : Primates, 5 bb ; Proto- 
theria, 530 : Sphenodon, 408 : 
Sus scrofa, 6w : Tritemno- 
don agilis, 644 

Tasmanian Devil — See Sarco- 
philus 

Taste, Craniata, iii 
Taste-buds, Craniata, m : 
Lepus cuniculus, 501 : Mam- 
malia, 110 , 666 , 675 
Taste, organ of, Craniata, 1 1 1 : 
Mammalia , 675 : Petromyzon, 
144 

Tatu Armadillo — See Dasypus 
sexcinctus 

Teat, Cow, 637 : Didelphys, 
637 : Halmaturus , * 687 : 

Mammalia, 637 

Teeth, Acanthodii, 156 : Am- 
phibia, 347 : Archeeopteryx 
lithographica, 463 , 465 : 

Artiodaetyla, 661 ; Aves, 

477 : Bradyodontii, 174 : 
Callorhynchus antarcticus, 
220 : CanidcB, 573 : Canis, 

664 : Canis famiharis, 575, 

652 : Camivora, 573 . 664 : 
Cetacea, 663 : Chiromys, 
658 : Chifoptera, 665 : 

Chondrichthyes, 204 : Con- 
dylarthra, 566 ; Craniata, 82 ’*°. 
83 : Crooodilia, 411 : Cyno- 
cephala, 553 • Dendrohyrax, 
614 : Didelphys marsupialis, 
MO : Dipterus valenciennesi, 
292 : EdestidcB, 174 : £3e- 
phantoidea, 663 : Elephas 
maximus, 605 : Eotitanops, 
589, 590 : Epiceratodus 

forsteri, 2M, 297 : 

Equoidea, 591 : Equus, 590* 
592, 662 : Enselacbii, 175 : 
Felis, 664 : Gastornis, 477 : 
Globe-fish, 276 : Hattena, 
41 1 : Heloderma, 410 : Her- 
pestes, 664 : Hesperomis, 
477 : Holooephali, 215 , 219 : 
Homogalax, 590 : Hyana 
bmnnea, 574 : Hycenodon, 
576 : Hyrachyus, 589 , 590 : 
Hyroooidea, 614 ^ Hyraco- 
therium, 5M, 592 : Ichthy- 
ornis, 477 : Iguanodon 

manielli, Ml : Insectivora, 

665 : Lahrichthys, 276 ; 
Labyrinthodontia, 335 : 
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Lacerta, 366 : Lemuroidea, 
556 : Lagenorhynchus, 6 d 2 : 
Lepus cuniculus, 492 » 495 , 
501 : jLM/ra,664 : litoptema, 
570 : Macropus major, 659 : 
Mammalia , 650-666 : Meles, 
664 : Mesohippus, 592 : 
Metatheria, 53 ^5^, 659 : 
Myotragus, 658 ; Myxine, 
148 : Odontopteryx, 477 : 
Opbidia, 410 : Ornithorhyn- 
chus, 524 , 525, 658 : Orycter- 
opus, 660 : Ostcolepis macro- 
lepidoius,2S^ \ Oxyecna,b' 7 ^l 
Panthera pardus, 574 : Pan- 
totheria, 522 : Pecora, 662 ; 
Peramcles, 653 : Perissod- 
actyla, 589, 590 , 662 : Petro- 
myzon, 138 : Peiromyzon 
fluviatilis, 184 : Peiromyzon 
marinus, 185 : Phascolarctos 
cinereus, 659 : Pikes, 276 : 
Pleuropterygii, 173 : Polyp- 
terini, 233 ; Polos, 658 : 
Primates, 554» ' Probo- 

scidea, 604 : Procyon lotor, 
574 : Proieles, 658 : Proto- 
cetus, 588 : Protohip pus, 592 ; 
Protopterus, 805 : Protoro- 
hippus, 592 : Prototheria, 5^8; 
Prozeuglodon, 583 : Ptilocer- 
cus lowii, 548 : Rana, 818 : 
Reptilia, 410 : Rhinoceros, 
590 : Rhipidistia, 285 : 
Rodentia, 618 : Salmo fario, 
236, 247 ; Sarcophilus ursin- 
us, 660 : Sargus, 276 : Sir- 
enia, 663 : Sphenodon, 41 1 ; 
Sus scrofa, 661 : Symmetro- 
donta, 521: Tapirus, 590 : 
Taxidea americana, 574 : 
Teleostei, 275 : Thecodontia, 

41 1 : Tillotherium, 658: 

Titanotherium, 5 d 0 : Tricono- 
donta, 321 ; Unanlata, 661 : 
Ur sus, 664 : Ur sus arctos, 
574 : Viverra zibethica, 574 
Teeth, dermal, Dog-fish, 177 
TejidcB, 423 

Telemetacarpal Cervidce, 602 
Telencephalon, Craniata, 97*, 
98 , 10 b : Salmo fario, 851 

Teleostei, 78 , 86, 87 , 226, 236, 
254-284 

Telmatomorphormes, 461 

Telolecithal ovum, Rana, 329 
Temnospondyly, 398 
Temporal, Homo, 562 
Temporal arches, Crocodilia, 
407 : Lacerta, 362 : Spheno- 
don, 405 

Temporal canal, Amia calva, 
108 : Prototheria, 528 
Temporal crest, Ptilocercus 
hudi, 548 

Temporal fossa. Carnivora, 
577 ; Cdielonia, 406 : Croeo<- 


dilift, 407 : Lacerta, 362 : 
M ftmmftli ftj 640 : Sphenodon, 
4<^5 

Temporal lobe of brain, Lepus 
cuniculus, 509, 512 
Temporal region, Cotylosauria, 
^73 : Reptilia, 375 
Temporalis muscles. Rat, 617 
Tench, 261 

Tendons, Rana, 316, 317 
Tenrec — See Centetes 
Tensor muscles, Columba livia, 
440, 441 

Tentacles, Ascidia, 14 , 16 *, 19 , 
23 : Ascidia composit CP, 23 : 
Myxine, 148 : Pyrosoma, 26 : 
Rhabdopleura, ii, 12 : Salpa, 

27 

Tentacular groove, Ichthyo- 
phis glutinosa, 845 
Tentaculum, Holocephali, 215 
Tenth cranial nerve — See Vagus 
nerve 

Tentorial plane, Canis fantili- 
aris, 642 : Homo, 642 : 
Mammalia, 641, 642 : Papio, 
642 : Phascolarctos, 642 
Terminalis nerves, Craniata, 
102 , 103* : Dog-fish, 192 
Terns — See Laridce 
Tertiary Reptilia, 424 
Test, Ascidia, 13*, 14 , 16 , 17 , 
19 , 22 : Ascidicp compcsitcp, 

28 

Test-cells, Ascidiacea, 28, 29 
Testis, Appendicular ia, 22 , 28 : 
Ascidia, 18 : AscidicP com- 
positcp, 23 : Ascidicp sim- 
plices, 28 : Callorhynchus 
antarcticus, 222 : Chondrich- 
thyes, 207: Columba livia, 
442 , 451. 452 : Craniata, 
121 ; Dog-fish, 196 , 197* : 
Doliolum, 24 , 28 : Enterop- 
nensta, 7* : Epiceratodus 
forsieri, 301 : Holocephali, 
222 : Lacerta, 867 , 874 , 375 : 
Lepidosteus, 281 : Lepus 
cuniculus, 515 : Mi»mmft|iA , 
677; Myxine, i$i: Petromy- 
zon marinus, 144 : Pyrosoma, 
28: Rana, 818 , 821 , 322 , 
828 : Salmo fario, 248 , 253 ; 
Salpa, 28 : Urochorda, 28 : 
Urodela, 851 
Testudo grcpca, 897 
Testudo loveridgii, 401 
Tetonius, 557 
Tetraclcsnodon, 567, 644 
Tetrao, 461 

Tetrapod, 79, 80 , 81, 82 
Tetrazooid, Pyrosoma, 35* 

Thaliaeea, 20* 

Thebesian valve, Mfttniimiilf ^ 
670 : Lepus cuniculus, 505 

Theoodontia, 876 , 387*, 411, 
424 


Thelodus, 133 
Therapsida, 356, 380 
Theria, siy*, 690 
Theriodontia, 876, 381*. 424 
Theropoda, 390 
Thinocorythidcp, 461 
'J'hird cranial nerve — See 

Oculomotor nerve 
Third ventricle — See Diacoele 
Thoatherinm, 569, 645 
Thoracic air-sacs, Aves, 445 : 

Columba livia, 444 
Thoracic duct. Mammal ia, 669 
Thoracic ganglia, Lepus cuni- 
culus, 513 

Thoracic region, CrocodilttS, 899 
Thoracolumbar vertebrae. 
Carnivora, 377 ^ Primates, 

5 bo 

Thoracopterus, 268 
Thoracic vertebrae, Columba 
• livia, 433, 442 : Lacerta, 
358, 859 , 360 : Lepus cuni- 
culus, 489 , 490 : Mammalia, 
638 : Myrmecophaga juhata, 
622 : Sirenia, 612 
Thoracostei, 261 
Thorax, Craniata, 68 *: Lepus 
cuniculus, 501, 502 , 508 
Three-toed Sloth — See Brady- 
pus tridactylus 
Thresher, 176 
Thrinaxodon, 384 
Thrinaxodon liorhinus, 882 
Therooephalia, 384 
Thrushes — See Turdida 
Thryonomys swinderanus, 619 
Thursius, 287 
Thyestes, 129 
rhylacinus, 532, 533, 534 
Thylacoleo, 533 
Thylacoleo carnifex, 587 
T hylacomys, 532 
Thymus gland, Columba livia, 
443 : Chondbichthyes, 205 
Craniata, 85* : Lepus cuni- 
culus, 509 : Rana, 319 
Thyrohyal, Glohiocephalus, 
6S2 : Lepus cuniculus, 497 : 
Mammalia, 689 , 641 ; 

Manatus senegalensis, 612 
Thyroid gland^ Chondrichthyes, 
205 : Columba livia, 443 : 
Craniata, 67 , 85* : Dog-fish, 
185 : Lacerta, 867 , 370 : 
Lepus cuniculus, 508 , 509 : 
Rana, 319 

Tibia, Apteryx oweni, 477 i 
Bradypus tridactylus, 680 : 
Cetacea, 587 : Cistudo lut- 
aria, 401 : Columba livia, 
440 : CrocodUus, 399, 410 : 
Emys tmopeea, 409 : Hcd^ 
maturus ualabatus, 588 : 
Lacerta, 865 : Lepus cuni- 
culus, 499 : Mammalia, 643 : 
Metatheda, 540 : Ornithor- 
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hynchus, 527 : Phalanger, 
540 : Piniilpedia, ^ 
PrimaieSt 566 : Sphenodon, 
399 : Tetrapod, 79 *, 80 ; 
Xenarthra, 631 

Tibiale, Apteryx oweni, 477 : 
Crocodilus, 410 : Sphenodont 
408 : Tetrapod, 81 * 

Tibialis muscles, Rana, 317 
Tibiofibula, Rana, 309* 316 
Tibioiibulare, Lacerta, 355 
Tibiotarsus, Columha livia, 439 
Tigers — See Felida, Felis tigris 
Tiger shark — See Stegostoma 
Tile-fish, 261 
Tillodontia, 51 ^* 

Tillotherium, 616 
Tinamiformes, 459 
Tinamous, 459 
Tinoceras — See Loxolophodon 
Titanichthys, 162 
Titanotheriida, 589 
Titanotherium, 590 
TitanoUieroidea, 5^9, 597 
TolypetUes, 626 

Tongue, Alligator, 411 : 
AmpMbia* 347 : Aves, 477 : 
Balanoglossus, 4* : Cham as- 
lean, 41 1 : Chelonia, 412 : 
Chondrichthyes, 205 ; Col- 
umba livia, 441 , 442 : 

Craniata, 84 * : CrocodiUa, 
412 : Crotalus, 421 : Emys 
europaa, 411 : Homo, 675 : 
Lacerta, 366 , 369 : Lepus 
cuniculus, 501 , 502 : 

Mammalia* 110* 666 : 

Monitor indicus, 411 : Myx- 
ine, 149 : Petromyzon, 137 , 
138 : Petromyzon fluviatilis, 
184 : Petromyzon marinus, 
189 : Ptychodera bahamen- 
sis, 5 : Rana, 318 : Rep- 
iilia, 41 1 : Salmo fario, 
236 . 237 * 248 : nrodela *347 
Tongue-sheath, Monitor indi- 
cus, 411 

Toothed Whales — See Odon- 
tooeti 

Tooth-papilla, Craniata* 88 * : 

Mammalia* 650 , 651 
Tooth-plates, Callorhynchus, 
215 : Coccosteus decipiens, 
161* 162 : Elasmodus, 215 : 
Harriotta, 215 ; Myriacan- 
thus, 215 : Rhynchodus, 215 
Tooth-pulp, Craniata* 83 * 

Topes, 177 

Tomaria, 7, 8 *, ii, 12 
Tomieria, 390 
Torpedo, 127 , 204 
Tortoises, 379, 395. 897 
Tottcans—^ee Rhamphastida 
Touch-cells, Craniata* 109 * : 

Homo, 110 : Rana, 110 
Touch-corpuscles, Craniata* 

I 09 * 
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Toxodon, 571 
Tozodonta, 571 
Toxodontidee, 571 
Trabeculae, Craniata* 71* : 
Crotalus, 403: Ophidia* 403 : 
Salmo solar, 245 : Urodela* 
^ 344 

Trabecular dentine of placoid 
scale, 64 

Trabecular region, Craniata, 
71* .* Salmo fario, 242 
Trachea, Aves, 446, 477 : 

Chamteleon, 412 : Columha 
livia, 442, 443 , 444 : Lacerta, 
366, 367, 369, 370 : 

Reptilia, 412 

Tracheal rings, Lacerta, 370 
Trachinus, 270 
Trachodon, 391 
Trachypterus, 275 

Traguloidea, 601 

Tragulus, 601 

Transverse bone — See Ectop- 
terygoid 

Transverse muscles, Amphio- 
xus, 42*, 46 

Transverse process, Amhly sto- 
ma, 343 : Cet^ea, 5^5 *• 
Columha livia, 433, 434 : 
Craniata, 67, 70* : Croco- 

dilus, 400 : Dog-fish, 179, 
180 : Lacerta, 359 : Lepus 
cuniculus, 480, 489 : 

Phoccsna communis, 585 : 
Python, 398 : Rana, 309, 
310 : Ranidens, 343 : 

Spelerpes, 343 

Transverse vessel, Ascidia, 16 
Trapezium, Homo, 565 : Lepus 
cuniculus, 498, 499 : 

Mammalia, 646 : Mesonyx, 
646 : Ornithorhynchus, 527 : 
Papio anubis, 565 : Talpa, 
549 : Tapirus indicus, 647 : 
Tetrapod, 80 : Tritemnodon 
agilis, 644 : Ursus ameri- 
canus, 679: Xenarthra, 629 
Trapezoid, Bradypus tridacty- 
lus, 630: Equus caballus, 6 w: 
Globiocephalus melas, S 82 : 
Lepus cuniculus, 498, 499 : 

646 : Mesonyx, 
646 : Ornithorhynchus, 527 : 
Papio anubis, 565.: Sus 
scrofa, 648 : Talpa, 549 : 
Tapirus indicus, 647 : 
Tetrapod, 80 : Tritemnodon 
agilis, 644 : Ursus ameri- 
canus, 579 : Xenarthra* 629 
Tree Snake, 389 
Tremalaspida, 126, 130 
Tremataspis, 129, 130 
Trenmtaspis schmidti, 130 
Triassic, Aotinopterygii, 225 : 
Amphibia. 333. 335. 337 : 
IMpneiuiti, 293 ^ Mamnudia* 
518, 520 : Protoepottdyli, 


235 : Reptilia, 377. 380, 
381, 384, 385. 386, 387, 424 
Triceratops, 391 
Trichechiformes* 611 
Trichechus — See Manatus'’ 
Trichosurus, 685 
Triconodon, 521, 522 
Triconodonta, 517. 518, 521, 
656 

Tricuspid valve, Lepus cuni- 
culus, 504, 505 : M a mm a l ia. 

670 

Trigeminal ganglion, Craniata, 
103* 

Trigeminal nerve, Callorhyn- 
chus antarcticus, 221 : 
Craniata* io3* : Dog-fish, 190, 
192, 193 : Petromyzon, 142 : 
Petromyzon marinus, 141 : 
Torpedo, 204 

Trigeminal nerve foramen, 
Callorhynchus antarcticus, 
220 : Craniata* 72* : Dog- 
fish, 180, 181 : Salamandra 
atra^ 345 : Salmo solar, 245 
Trigger-fish, 261 
Trigonid molar, Mammalia, 
654* 

TrigonostylopidcB, 572 
Trigonostylopoidea, 572 
TriisodontidcB, 576 
Trilophodon chinjiensis, 609 
Trilophodon cooperi, 609 
Trilophodon macrognathus, 609 
Trilophodon palceindicus, 609 
Trior acodon, 521 
Tritemnodon agilis, 644 
Tritor, Callorhynchus antarcti- 
cus, 220 : Holocephali, 219 
Tritoral area, Holocephali* 215 
Tritubercular molar. Mamma' 
lia, 653, 656 

Trituberculo-sectorial molar. 

Mammalia, 653 

Tritylodon longavus, 619, 520 
Tritylodontoidea* 520 
Trochanter, Columha livia, 439 : 
Halmaturus ualabatus, 5^ : 
Lacerta, 365 : Lepus cuni- 
culus, 499 

Trochilidce, 462, 486 
Trochlea, Artiodactyla* 649: 
Camiyora* 649 : Condylar- 
thra* 649 : Equus^ 649 : 
Hippopotamus, 649 : In- 
eeotivora* 649 : Lacerta, 
364 ; Lepus cuniculus, 498 : 
Mammalia* 646, 647 : Myrax, 
649 : Primates* 649 : 

Rhinoceros, 6 ^ : Rodentia, 
649 

Trochlear nerve, Craniata* 102, 
103 * ; Dog-fish. 190, 192 : 
Petromyzon, 142 : Skate, 

115 

Trochlear nerve foramen. 
Dog-fish, 181 

3C 
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XiogoiilfonneBt 462 
Trogontherium, 616 
Trogons — See Trogonidse 
Tr^hoblast, Arvicola, 687 : 
Erinaceust 687 : Mammalia. 
681,682: Mus.m 
Tropidonotus natrix^ 408 
Trout, Brook — See ScUmofario 
Trout-perch, 261 
Truncus arteriosus — See Vent- 
ral aorta 

Trunk, Craniata, 62 67 : 

Probosddea, 603 : Ptero- 
txranchia, 8 

Trygan, 213 
Trygonorhina, 202, 208 
Tuber calcanei, Chiroptera, 553 
Tuber cinereum — See Infundi- 
bulum 

Tuberculum olfactorium, Epi- 
ceraiodus forsterit 301 : 
Lepus cuniculuSt 510 ; 
Tachyglossus aculeatuSt 678 
Tuberculum posterius super- 
ius, Lacerta» 872 
Tuberosities, Lepus cuniculus, 
498 

Tabnlidentata, 518, 632 
Tunic, Ascidia^ 13* 

Tnnioata — ^See Uroohorda 


Tunicine, 13* 

Tupaia, 546, 656 
Tupaiida, 546, 547, 640 
Turbinals — See Ectoethmoids 
Torbinares, 461 
Turdida, 462 
Turdus, 470 

Turkey-Buzzards — See Cath- 
artes " 

Turkeys — See Meleagris 
Tumicida, 462 
Turtles, 876, 379* 395. 418 
Turtur, 462 

Tusks, Dinotherium, 608 : 
Elephas, 608, 660 : Mceri- 
therium, 0 OK 8 : Frobosoidea, 
608 : Rhynchoihefium, 608 
Twelfth cranial nerve — See 
Hypoglossal nerve 
Two-to^ Ant-eater — See 
Cycloturus 

Two-toed Sloth — See Cho* 
Icepus didactylus, C, hoff- 

manni 


Tylopoda, 600 

Tympanic, Cams familiaris, 
578 : Catairliiiii, 640 : Get- 
aeea, 566 ; Dasypus sex- 
cinctus, 627 : Equus, 640 : 
Homo, 562 : meetiy0ra» 
640 : Lemnroidea, 563. 640 : 
Lepus cuniculus, 494 : Mam** 
]iialia, 089 , 640 , 641 : Mana- 
tm senigalensis, $12 : Mila* 
Hwrla, 539 : Myrmecophaga, 
m, m : Petrogale ptni~ 
cmattt. S 40 : Phascotomys 


wombat, 589 : Platyirhini, 
640 : Prixnates, 640 : Pro- 
cavia, 615 : Proloiheria, 
528 : Ptilocercus lowii, 548 : 
Syrenia, 613 : Tarsius, 640 : 
Tupaiida ,640 l Ursusferox, 
579 : Xenarthra, 627 
Tympanic bulla — See Bulla 
Tympanic cavity. Amphibia, 
351 : Caianhii^ 640 : Col- 
umha livia, 484, 435 : Equus, 
640 : Inseotivora, 640 : La- 
certa, 373 : Lemuroidia, 640 : 
Manrimalia, 640. 676 : Orni- 
thorhynchus, 627 : Platyr- 
rhini, 640 : Primates, 640 : 
Eana, 326 , 327 : Reptilia, 
416 : Tarsioidea, 640 : Tu- 
paiida, 640 

Tympanic membrane, Amphi- 
bia, 351 : Chelonia, 406 : 
Craniata, 118 : Emys euro- 
paa, 405 : Mammalia, 676 : 
Rana, 326 , 827 

Tympanic ring, Lemuroidea, 
556 : Rana, 313 , 827 : 

Tachyglossus aculeatus, 529 i 
Tarsius, 558 : Ursus ferox, 

579 

Tympanoeustachian fossa, La- 
certa, 362 

Tympanohyal, Homo, 562 : 

Mammalia, 689 

Tympanohyoid fossa, PHlo- 
cercus lowii, 548 
Tjrmpanum. Columha livia, 
443 : Lacena, 373 
Typhlonus nasus, 265 
Typhlopida, 405 
Typhlosole, Ascidia, 16* : Pet- 
romyion, 139 
Typotheria, 571 
Typotheriidce, 571 


U 

UmTATBEBiA — See Dinooerata 
Uintatherium, 569 
Ulna, Alligator, 409 : Ar- 
chaornis siemensi, 464 : Ar- 
chaopteryx lithographica, 
465 : Bradypus tridactylus, 
680 : Cetacea, 586 : Chirop- 
tera, 552 : Cistudo lutaria, 
401 : Coiumha livia, 487, 
488 : Crocodilus, 899 : IK- 
oynodontia, 884 : Edesto- 
saufus, 889 : Bqaoidea, 591 *• 
GlobioOephalus melas, 582 : 
Gorgonfwia* 884 : Halma- 
turus ucdabaius, 588 : In- 
aeoHypim# 549 : tacerta, 363, 
864: Lepus ctmiculus, 408 : 
Ornithorhynchus, fSSfft : P^e- 
coianxia, 884 ; Phocana 
communis, : Pinnipedia, 


581 : Primates, 563 : Ro« 
dsntia, 622 : Syrenia, 6x3 : 
Sphenodon, 899 ; Sterna 
wilsoni, 475 j Sus scrofa, 
648 : Talpa ,$42 : Tapirus 
indicus, 647 : Tetrapod, 79* : 
Xenarthra, 629 

Ulnare, Alligator, 409 : Colum- 
ha livia, 487, 488: Di- 
oynodontia, 884 : €k>rgo- 
nopsia, 384 : Lacerta, 864 : 
Pelycosauria, 884 : Tetra- 
pod, So* 

UmbiHcal cord. Mammalia, 
689 

Umbilical fold, Aves, 484 
Umbilical vein. Mammalia, 
669 

Umbilical vesicle — See Yolk sac 
Umbilicus, Columba livia, 428 
Unau — SeeCholcepus didactylus 
Unciform, Bradypus tridacty- 
lus, 680 : Equus caballus, 
648 : Glohiocepkalus melas, 
582 : Halmaturus ualabatus, 
588 : Lepus cuniculus, 498, 
499 : Mammalia, 646 : Mes- 
onyx, 646 : Ornithorhynchus, 
527 : Papio anubis, 565 : 
Sus scrofa ,$42 I Talpa,h 42 \ 
Tapirus indicus, 447 : Tetra- 
pod, 80 : Ursus americanus, 
579 

Uncinates, Aves, 469 : Co- 
lumba livia, 482, 433 : Croco- 
dilus, 400 : Sphenodon, 889, 
400 

Undina penicillata, 289 
Ungual phalanx, Felis leo, 
: Lepus cuniculus, 499 : 

Pinnipedia, 581 

** Ungulata,” South Ameri- 
can, 518, 569 

** Ungulata vera ** — See Peris- 
sodactyla, ArtioUaelila 
Unguligrade foot, Maxnmalia, 
644, 649* 

Unstxiped muscle, Craniata, 
82* 

U^er law, Balanoptera, $24 : 

Craniata, 73* 

UpupidcB, 462 
Urachus, Wiammalia, 689* 
Ureter, Craniata, 12 x : Colum- 
ba livia, 442, 45^. 852 : 
DideVphys dorsigera, 685 : 
Eptatretus, 150 : Erinacei- 
da, 678 : Lacerta, 375 ; 
Lepus cununUus, 514, 5x5 : 
Mammalia, 577 Kyiinoidea, 

15X : Petromyson, X44 : 

Petromyson numnus, 144 : 
Phascolomys wombat, 685 : 
Rana, 81B : Sedmo fario, 
248 : TrichosuruSf 665 
Urethra, Lepus cuniculus, 515 : 
Mammalia, 677 
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Urinary bladder, Amia, 281 : 
Amphibia, 352 : Didelphys 
dorsigera, 685 : Ennaceida, 
678 : Eatheria, 678 : Fishes, 
121* : Holooephali, 222 : 
Lacerta, 366, 869, 874, 375 : 
Lepid 0 steus, 281, 282 : Lepus 
cuniculus, 514, 515 • Mam- 
malia, 677 ; Mustelina, 678 : 
Phascolomys wombatt 685 : 
Rana, 818, 328 : Salmo 
fario, 248, 252, 253 : Teleo- 
stei, 281 : Trichosurus, 

685 

Urinary dnct — See Mesone- 
phric, Pronephric ducts 

Urinary papilla, Dog-fish, 185, 
195 

Urinary sinus, Chondriohthyes, 
20 j : Dog-fish, 185, 195* 196. 

Urinary tubule, Craniata, 119* : 
Eptatvetus, 150 

Urinogenital aperture, Amia, 
281 : Craniata, 62* : Holo- 
cephali, 217 : Lacerta, 374 : 
Lepidostetis, 281, 282 : Lepus . 
cuniculus, 514 : Petromy- 
zon, 135 : Salmo fario. 237 

Urinogenital canal — See Vesti- 
bule 

Urinogenital organs, Amia, 
281 : Amphibia, 351 : Am- 
phioxus, 48, 50 : Appendi- 
cularia, 28 : Ascidia, i8* : 
Ascidia simplices, 28 : Aves, 
478 : Callorhynchus antarc- 
ticus, 222 : Chelonia, 416 : 
Chondriohthyes, 207 : Col- 
umbalivia, 451, 452 : Crani- 
ata, X18*, 120 : Crocodilia, 
416 : Didelphys dorsigera, 
WS : Dog-fish, 195. 196 : 
Doliolum, 28 ; Enterop- 
nenriat, 7 : ^iceratodus for- 
sieri, 361, 802 : Erinaceidce, 
678 ; Ganoids, 281 ; Holo- 
oephali, 222 ; Lacerta, 867, 
874 : Lepidosteus, ^1 : 
Lepus cuniculus, 514 : Mam- 
malia, 676 : Metatheria, 
685 : Petromyzon, 144 : 
Phascolomys wombat, 685 : 
Ptychodera bahamensis, 5^ : 
Pyrosoma, 28 : Rana, 327, 
Z 2 B : Beptilia, 416 ^ Salmo 
fario, 252 : Salpa, 28 : 
Teleostei, 280 : Trtchosurus, 
685 : tJrooh(»da» 28 : Uro- 
6^851 

Urinogexdtal j^pilla, Chon- 
dridoffayee, 207 : Dog-fish, 
198 ; Lacerta, 874 : Peiro- 
myzon, 144 : Petromyzon 
marinus, 144 

Urinogenital passage — See 
Vestibule 


Urinogenital sinus, Callorhyn- 
chus antarcticus, 222 : Chon- 
drichthyes, 207 : Dog-fish, 
196, 197 : Holooephali, 222, 
223 : Mammalia, 678 : Pet- 
romyzon, 144 : Petromyzon 
marinus, 144 : Salmo fario, 
237. 248 

Urochord — See Notochord 
Uroohorda, i2*-39 
Urodaeum, Columba livia, 442, 
443. 45i» 452 

Urodela. 333» 339-355 passim 
Urohyal, Salmo fario, 244 
Urolophus, 198, 201 
Urolophus cruciatus, 198 
Uronemus, 293 
Uronemus lobatus, 291 
Uropygium, Columba livia, 427 
Urostheneidee, 287 
Urosthenes, 287 

Urostyle, Rana, 308. 309, 818 : 

Salmo fario, 239, 240 
UrsidcB, 575, 665 

Vrsus, 664 

Ursus americanus, 579 
Ursus ferox, 579 
Utatetus, 623 

Uterine artery, Lepus cunicu- 
lus, 507 

Uterine crypts, Lepus cuni* 
cuius, 517 

Uterus, Chondriohthyes, 207 : 
Didelphys dorsigera, 685 : 
Erinaceidce, 678 : Eutheria, 
341, 678 : Holooephali, 222 : 
Lepus cuniculus, 515, 516 : 
MammAliftj 679, 688 : Per- 
ameles obesula, 691 : Phas- 
colomys wombat, 685 : Tri- 
chosurus, 685 

Uterus masculinus, Lepus cuni- 
culus, 514, 515 •’ Mammalia, 

677 

Utenne vein, Lepus cuniculus, 

507 

Utriculosacculus, Myxine, 150 
Utriculus, Chondriohthyes, 
206; Craniata, 116*, 117: 
Lacerta, 878, 374 : Petro- 
myzon, 144 ; Salmo fario, 


Vagina, Chondriohthyes, 207: 
Didelphys dorsigera, 685 : 
Erifiaceida, 678 : Eniheria, 
678 : Lepus cuniculus, 514, 
515, 31O : Mammalia, 679 : 
Meti^etia, 530 '• Mustelina, 
678 : Phascolomys wombat, 
6^ : Trichosurus, 685 
Vaginal septum, Lepus cuni- 
^us, 515 

Vagus nerve, Callorhynchus 

antarcHeus, 221 ; Craniataf 


105* : Dog-fish, 190, 192, 
198, 194 • Epiceratodus for - 
steri, 800 : Macropetalich- 
thys rapheidolabis, 167 : 
Petromyzon, 142 : Torpedo, 
204 

Vagus nerve foramen, Aci- 
penser, 272 : Apteryx man- 
telli, 478 : Callorhynchus 
antarcticus, 220 : C him car a 
monstrosa, 218: Craniata, 
72* : Dog-fish, 181 : Ich- 
thyophis glutinosa, 845 : 
Lepus cuniculus, 495 
Vagus n^rve notch, Acan- 
thodes, 156 

Valves of heart. Mammalia, 
670 : Rana, 8^ 

Valvula cerebelli, Lacerta, 872 : 

Salmo fario, 251 
Vane — See Vexillum 
Varanosaurus, 380 
Varanus, 416 

Vascular area — See Area vas- 
culosa 

Vascular canals, cavity and 
layer of cosmoid scale, 64 
Vascular foramen, Tritylodon 
longavus, 519 

Vascular system. Amphibia, 
348-350 : Amphioxus, 45-8 : 
Ascidia, 17-18 ; Aves, 478 : 
Cephalodiscus, 9 : Chon- 
driohthyes, 205 ; Columba 
livia, 446-448 : Dog-fish, 
186-9 : Entoopneosta, 6 : 
Epiceratodus forsteri, 298- 
300 : Fishes, 88*-95 : Lacer- 
ta, 366-370 : Lepus cuni- 
culus, 504-308 : Mammalia, 
669-671 : Petromyzon, 189, 
140, 144 : Rana, 319-325 ' 
Reptilia, 413 : Salamandra, 
848, 850 : Salmo fario, 248, 
249 

Vascular trabeculse, Ascidia, 17 
Vas efierens, Craniata, X22* : 
Lepidosiren, 306 ; Lepi- 
dosteus, 281 : Rana, 328 
Vas deferens, Ascidia, 18 : 
Ascidia composita, 28 : 
Ascidia simpltces, 28 : Cal- 
lorhynchus antarcticus, 888 : 
Chcmdriohthyes, 207 : Col- 
umba livia, 442, 45X, 452 : 
Craniata, 1x8 : Dog-fish, 186, 
197 : Holooephali, 222 : La- 
certa, 874, 375 : Lepus 

cuniculus, 514, 5^5 • Mam- 
malia, 677: Salmo fario, 
848 

Vasodentine, 82* 

Vasoganglia, Pseudophycis 
bachus, 279 : Tetooatei, 279 
Vastus intemus muscle, Rana, 
817 

Veins — ^See Vascular system 
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Velar tentacles, Amphioxus, 

43*. 44 

Velum, Amphioxu$, 43*, 44 : 
Myxine, 149 : Petromyzon, 
138* : Petromyzon marinus, 

189 

Velum interpositum, Lepus 
cunicidus, 518 

Velum transversum, Lacerta, 
371, 872 : Salmo fario, 251 
Venous system — See Vascular 
system 

Ventral aorta, Amphioxus, 41, 
46'^, 47 : Chondrichthyes, 
205 : Craniata, 67, 98 : 
Dog-fish, 185, 186, 187, 188 : 
Fishes, 88*, 89, fiiO : Petro- 
myzon marinus, 189: Salmo 
fario, 248 

Ventral apterium, Columba 
livia, 426, 481 

Ventral disc, Pteraspis ros- 
trata, 182 

Ventral fin, Acipenser tu- 
thenus, 230 : Amia calva, 
285 : Gadus morrhua, 260 : 

' Glypiocephalus cynoglossus, 
269 : Labrichthys psittacula, 
260 : Lepidosteus platysio- 
mus, 233 : Ostracion, : 
Polypterus bichir, 282 : Rita 
buchanani, 259 : Salmo fario, 
286, 238, 245, : Sebastes 

percoides, 260 

Ventral fissure of spinal cord, 

Craniata, 96 

Ventral flexure, Lacerta, 372 
Ventral lymph sinus, Rana, 318 
Ventral nerve, Balanoglossus, 
3 : Ptychodera bahamensis, 
5 : Rhabdopleura, 12 
Ventral plate, Drepanaspis 
gemuendenensis, 138 
Ventral ptetyla, Ardea, 467 : 

Columba livia, 481 
Ventral space, Ardea, 467 
Ventral vessel, Ascidia, 16 : 
Balanoglossus, 8 : Ptycho- 
dera bahamensis, 5 
Ventricles of brain, Craniata, 
97* : Dog-fish, 190, 191 : La- 
ceria, 371, 872 : Lepus 

cuniculus, 511 

Ventricles of heart, Aves, 446 : 
Columba livia, 442,446,447: 

Craniata, 67, 98, ^ : Croco- 
dilus, 414 : Dog-fish, 186, 
187, 188 : Epiceratodus for- 
steri, 298, 299 : Fishes, 88*, 
89, 90 : Lacerta, 366, 867, 
869, 418 : Lepus cuni- 
culus, 504, 505 . 507, 508 : 
Petromyzon marinus, 189 : 
Runa. 818, 820, 821, 824, 
826 : Beptilia, 413 : . Salmo 
fario, 248, 249 : Salaman- 
^^848 


Ventricle, third — See Diacoele 
Ventricular septum, Aves, 446 : 
Turtle. 418 

Ventro-lateral artery. Dog-fish, 

188 

Vertebral artery, Columba liv- 
ia, 447 : Dog-fish, 188 : 
Lepus cuniculus, 506, 507 : 
Rana, 821 

Vermiform appendix, Lepus 
cuniculus, 504 

Vermis of cerebellum, Canis, 
672 : Lepus cuniculus, 510, 
511, 513 

Vertebrae, Acipenser, 231 : Al- 
ligator, 409, 417: Anmiota, 
387 : Amphibia, 387, 343 • 
Amphioxus, 53, 56: Attio- 
dactyla, 5^7 • Aves, 4^9. 
482 : Balcena mysticetus, 
583 : Carnivora, 577 ' Ceta- 
cea, 582, 585 : Chelonia, 400 • 
Chiroptera, 551 ^ Chond- 
rostei, 231 : Columba livia, 
432, 433, 434. 442 : Crani- 
ata, 70* : Crocodilus, 400 : 
Dog-fish, 179 : Callus ban- 
kiva, 480 : GavicB, 469 : 
Gecko, 398 : Ginglymodi, 
234 : Ichthyomithes, 469 : 
Impennes, 469 : Insectivora, 
547- Labyrinthodontia, 335 : 
Lacerid^ 358, 359 : Lepus 
cuniculus, 489, 490, 688 : 
Limicolce, 469 : Mammalia , 
*637, 638, 682 : Metatheria, 
531. 53^ : Myrmecophaga 
jubata, 622 : Phoccena com- 
munis, 585 : Frimates, 5^0 : 
Protospondyli, 235 : Pro- 
totheria, 526 : Python, 398 : 
Rana, 1&, 308, 809, 810 : 
Ratitce, 469 : Beptilia, 398, 
419: Bodentia, 621 : Salmo 
fario, 238, 289, 240 : Sirenia, 
612 : Sphenodon, 898 : 

Teleostei, 271 : Tetrapod, 
387 : Xenarthra, 623, 626 
Vertebral centra, Ambly stoma, 
348 : Anaphibia, 342, 848 : 
Chelone mydas, 402 : Chon- 
dziehthyee, 199 : Columba 
livia, 432, 488 : Craniata, 
67, 70* : Crocodilus, 400 : 
Dojgf-fish, 179, 185 : Gymno- 
phiona, 343 : Lacerta, 358, 
859 : Lepus cuniculus, : 
Mammalia, 638 : Palcso- 
spondylus gunni, 171 : Poly- 
pterus, 272 : Rana, 308, 809 : 
Ranidens, 843 : BepBlia, 39^ : 
Salamandrina, 848 : S^mo 
fario, 238, 288, 240, 248 : 
Scymnorkinus, 200 : Spe- 
lerpes, 848 : Sphenodon, : 
Urod^, 342, 343 
Vertebral column, Acipenser, 


271. 272 : Amia, 271 ; 

Amphibia, 342 : Chimara 
monstrosa, 218 : Chondrich- 
thyee, 199 : Chordata, 40 * •* 
Columba livia, 431 : Crani- 
ata, 69* : Crocodilus, 899 : 
Dog-fish, 179, 180 : Epi- 
ceratodus forsteri, 295 : Ge- 
muendina sturtzi, 170 : Gin- 
gl3rmodi, 234 : Heptranchias, 
199 : Hexanchtis, 199 : Holo> 
oephali, 215, 218 : Lacerta, 
358 : Lepidosteus, 271 : Lep- 
us cuniculus, 489 ; Mam- 
malia, 637 : Paleeospondylus 
gunni, 170 ; Polypterus, 272 : 
Rana, 308, 809 : Beptilia, 
400 : Salmo fario, 238, 

240 : Scymnorhinus, 200 : 
Sphenodon, 899 : Teleostei, 
271 

Vertebral formula, Columba 
livia, 434 

Vertebral plate, Aves, 482 : 
Chondrichthyes, 200, 21 1 : 
Craniata, 122* : Urolophus, 
201 

Vertebral ribs, Columba livia, 

482 : Craniata, 70* 

Vertebral vein, Columba livia, 

447 

Vertebrarterial canal, Lepus 
cuniculus, 489 

Vertebrarterial foramen, Co- 
lumba livia, 482, 433 
Vertical canal of ganoid scale, 

65 

Vesical artery, Lepus cuni- 
culus, 507 : Rana, 824 
Vesical veins, Lepus cuni- 
culus, 507 : Rana, 822, 323, 
824 

Vesicles of Savi, Electric Rays, 

206 

Vesicula seminalis, Callo- 
rhynchus antarcticus, 222 : 
Chondrichthyes, 207 ; Co- 
lumba livia, 451, 452 ; Dog- 
fish, 196^ 197 * Holocephali, 
223 : Mammalia, 677 ; 

Rana, 818, 328 
Vespertilio, 551 

Vestibule, Amphioxus, 42* : 
Didelphys dorsigera, w5 : 
Dog-nsh, 192, 194 : Lepus 
cuniculus, 514, 5x6: Mam- 
malia, 679 : Mustelina, 678 : 
Phascolomys wombat, 685 : 
Trichosurus, 685 
Vexillum of feather, Avas, 480 : 

Columba livia, 428 
Vibrissas, Mammalia, 635 
Vieussens, valve of, Lepus 
cuniculus, 511, 512 , 5x3 
Villi of chorion— See Chorionic 
villi 

Viper. 389 
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Visceral arch« Craniata, 73* : 
Dog-fish, l80» 181, : 

Epiceratodus forsteri, 808 : 

Reptilia* 408 

Visceral bar, Oraniata* 67 , 72* 
Visceral layer, Amphioxus, 58 
Visceral nerve, Oraniata, 102 : 
Dog-fish, 198 

Visceral skeleton, Oraniata, 
73* : Petromyxofiy 138 
Viscerobranchial vessel, Asci- 
diuy 16 ^ 17* 

Visceromotor components, 

Oraniata, 97* 

Visceromotor root, Oraniata, 
loi* 

Viscerosensory impulses, 

Oraniata, 97* 

Viscerosensory root, Oraniata, 

lOl* 

Visknutherium, 602 
Vitelline arteries, Aves, 483 : 
Oraniata, 98 

Vitelline membrane, 51* : 

Aves, 484 

Vitelline veins, Aves, 483 : 

Oraniata, 98 : Lepus, 688 
Vitreous chamber of eye, 

Oraniata, 114* 

Vitreous humour of eye, Orani- 
ata, 114* 

Vitrodentine of cosmoid scale, 

65 

Viverrida, 573, 575 
Viviparous Amphibia, 352 
Viviparous Blenny—SeeZoarces 
Viviparous Raptma, 416 
Vocal organs, Aves, 477 • 
Columba livia, 443 : Lepus 
cuniculus, 502, 508 : Rana, 

319 

Vomer, Anas boschas, 478 : 
Apteryx mantelliy 478 : Aves, 
4 to : Bony skull, 75 : Carin- 
at iffy 472 ; Chelone my das , 
406 : Ohelonia, 406 : Orani- 
ata, 76* : Oi^tori, 472 : 
Emys eufopcea, 405 : Epi- 
ceratodus forsteri, 296 : Glo- 
biocephalus, 582 : Homo, 
561 : Ichthyophis glutinosa, 
845 : Lacerta, 861, 362 : 
Lepus cuniculus, 492, 493 : 
Loxodonta africana, WA : 
Mammalia, ^ : Manaius 
senegalensis, 612 : Omi- 
thorhynchus, 527 : Passeri- 
formes, 472 : Rana, 809, 
811, 312 : Ratita, 472 : 
Sdlamandra atra, 845 : Sal- 
mo fario, 240, 242, 244 : 
Sfhenodon, 40 ^ 405 : Tro- 
ptdonotus natrix, 408 : Uro- 
del 8 , 344 : Xenarihca, 628 
Vomerine teeth, Callorhynchus 
antarcticus, 220 : Epicera- 
todus forsteri, 286^ 297: 


Holooephali, 215 , 219 : Rana, 
818 : Salmo fario, 236 
Vomeronasal organ, Oraniata, 
103 * 

Vomeropalatine, Sdlamandra 
atra, 845 : Urodela, 344 
Vultur, 461 , 470 
Vultures — See Cathartes, Gy- 
paBtus, Vultur 

Vulva, Lepus cuniculus, 516 : 

Mammalia, 679 


W 


Waders — See Ckaradriidee 
Wallabies — See Halmaturus 

ualahatus 

Walrus — ^See Odohcenidee, Pin- 
nipedia 

Wandering Albatross — See 

Diomedea exulans 
Warblers — See SylviidcB 
Warning coloration. Amphibia, 


342 

Water-lizards, 420 

Weasel, 666 

Weberian ossicles, Ostario- 
physi, 261 : Teleostei, 118*, 
280 

Weever — See Trachinus 
Whalebone ** Whales— See 

Mystacoeti 

Whale-headed Stork — See 

Balaniceps 

Wheel-organ, Amphioxus, 42* 

White matter of brain, Orani- 
ata, 96* 

Whiting, 261 

Wing, Apteryx, 466 : Aves, 
475 : Columba livia, 426 : 
Impennos, 471 : Opisthoco- 
mus, 466 : Penguins, 475 : 
Penguinus impennis, 471 

Wing-coverts, Columba livia. 


Wing-tract — See Alar pteryla 
Wolf, 576 

Wolffian body — ^See Mesoneph- 
ros 

Wolffian duct. Amphibia, 352 : 
IIrodela,851 

Wolverines — See Miestelidee 
Wolves — See Canid ce 
Wombat — See Phascolomys 
Woodpeckers — See Picidee 
Wrasse — See Ldbrichtkys psit- 
tacula 


X 

XnraisBBA, 622-631 
X nopus, 342, 347 
Xenosaurida, 423 
Xiphiplastxon, Oh^nia, 402 : 
Ci^udo lutaHa, 401 


Xiphistemum, Oetaeea, 585 : 
Lepus cuniculus, 491 : Mun- 
mima, 638 : Prototheria, 
526 : Rana, 814, 315 : Ro- 
dentia, 621 
Xiphodon, 600 


Y 

Yellow spot. Homo, 111 
Yolk, M amma lia, 680 : Pris- 
tiurus, 209 

Yolk cells, Rana, 128, 329, 

880, 331 

Yolk endoderm, Lacerta, 418 : 

Reptilia, 417 

Yolk nuclei, Pristiurus, 209 
Yolk plug, Epiceratodus for- 
steri, 301, 808 : Rana, 329, 

880 

Yolk sac, Aves, 484 : Callo- 
rhynchus antarctiucs, 224 : 
Chondriohthyes, 212 : Epi' 
ceratodus forsteri, 303 : Cal- 
lus hankwa, 482 : 
prymnus rufescens, o90 : 
Lepus, 686 : Lepus cuni- 
culus, 516 : Mammalia, 682, 
683, 684 : Perameles ohesula, 
691 : Phascolarctos cinereus, 
690 : Salmo fario, 258, 254 
Yolk sac placenta, 689* : 

Metatheria, 690 
Yolk stalk. Mammalia, 683 
Youngina, 387 


Z 


Zaglobbus, 525 
Zalambdalestes, 545 , 656 
Zalambdalestes lechei, 544 
Zalambdalestida, 545 
Zalambdodont l^ectivora, 543 
Zalambdodont molars, Mam- 
malia* 633 * 

Zanycteris, 551 

Zebra, BurchelVs — ^See Equus 
burcheUi 
Zeomorphi, 261 
Zeuglodon, 583 , 584 
Zeuglodonttda, 583 
Ziphiidee, 584 
Ziphius, 584 
Zoarces, 282 

Zona pellucida. Mammalia, 
684 

Zona radiata. Mammalia, 680 *, 
684 : Salmo fario, 254 
Zonaiy placenta, 689 * 
Zonuridm, 423 

Zooids, Doholum, 36 , 87 : 

Pyrosoma, 35 
Zygana, 198 

Zygantrum, Iguana, 400 : Ophi- 
£a40o: Python, MM 
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Zygapophyses» Oetaoea* 5^5 : 
Cotumha livia, 488 : Myr- 
fMoophaga jubata, : 
Rana, 809, 31 ^ • Salmo 
fariot 889, 240 : Xenarthra, 
623 

Zygoma, Carnivora, 577 • 
Ohiroptera, 552 * Insecti- 


INDEX 

vora, 543 : Metaiheria, 53^ • 
Prototheria, 528 : Xenar- 
thra, 627, 628 

Zygomatic arch, L^u$ cum- 
cuius, 494 » 495 • Mamnujlia, 
639 : Omithorhynchus, 687 : 

Plagiaulacoidea, 521 : Pro- 
totheria, 523 


Zygomatic process, Canis 
familiaris, 678 : Cetacea, 
586 ; Lepus cuniciUi 4 S, 492, 

494 

Zygomaticus muscle. Rat, 

617 

Zygosphene, Iguanas, 400 : 
Ophidia, 400 : Python, 89$ 
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